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1 . 0 INTRODUCTION 


This report presents the results of the Orbital Construction Support 
Equipment (OCSE) study, Contract NAS9-J5120, and describes the particular 
task activities conducted to achieve those results. The objectives of the 
study were to produce a conceptual design and system definition of the OCSE 
required for the construction in orbit of large space systems, typified by 
the Solar Power Satellite (SPS) proposed configurations, and to derive sup- 
porting development and cost data. 

The Solar Power Satellite is several orders of magnitude larger than 
any prior system launched into orbit, or even fabricated and assembled on 
the ground. Thus, based on transportation costs, high density material 
will be launched and a significant amount of on-orbit fabrication and as- 
sembly will be provided L}' on-orbit construction equipment. This equip- 
ment will have to be assembled, positioned, set uo, controlled, monitored, 
serviced, and maintained with specially-trained personnel located at the 
construction site. The special equipment required to perform these types 
of functions has been classified as Orbital Construction Support Equipment 
(OCSE) , Present indications are that many diverse support equipments will 
be required and, although the specific equipment may be dependent on the 
nature of the large space structure system to be constructed, the basic 
principles of construction are such that much of the support equipment is 
common. This equipment commonality factor was stressed throughout the 
study effort. 

Three SPS baseline configurations, shown in Figure 1.1, were selected 
by the NASA for application to this study. These concepts — the Photovol- 
taic Column/Cable SPS, the Photovoltaic Truss-type SPS, and the Thermal 
Engine SPS, represent the typical spectrum of present SPS configurations. 

The SPS systems have been structured as illustrated in Figure 1-2. 
Analyses and/or design studies have been or are being conducted, both in- 
ternally by the NASA and contractually by industry for each element of the 
system to varving degrees. As the figure indicates, this study addressed 
only the Orbital Construction Support Equipment portion of the system. 
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The study consisted of three major parts as described in the following 
paragraphs. Figure 1-3 depicts the overall study flow and shows the inter- 
relationship of the individual parts. 

1.1 Part I — Requirements Analysis 

During Part I of the study, requirements were defined and categorized 
into system requirements which bound the study, support requirements for 
orbital construction of large space systems, and mission support equipment 
requirements for three SPS concepts — solar photovoltaic column/cable, solar 
photovoltaic truss and thermal engine SPS. These requirements were further 
defined by developing construction mission scenarios and associated func- 
tional activities analyses, and comparing the data with the on-orbit opera- 
tions capability of man. The result of this activity aided in Identifying 
the construction equipment necessary and in defining the support require- 
ments of that equipment. 

1.2 Part II — OCSE Concept Definition 

Concept alternatives for the total range of support systems were develop- 
ed which satisfied those requirements defined in Part I. An iterative ap- 
proach was used to match the functional support activities derived in Part 
I with the OCSE candidates to assure all viable options were considered. 

Once equipment concepts were identified, integrated conceptual systems 
were derived which best combined the construction crewman, support equip- 
ment, and automated construction equipment. The emphasis on system integra- 
tion was to build complete systems that illustrate OCSE concepts which offer 
various technical, operational, and programmatic advantages. 

1.3 Part III — OCSE Concepts Evaluation/ Selection 

During the final part of the study, the concepts developed and screened 
in Part II were analyzed in sufficient detail to reduce the number of OCSE 
items to the most justifiable for further evaluation. The selected concepts 
were defined analytically and graphically in sufficient detail to provide 
for the preparation of estimated costs and development plans. An important 
portion of the plan was the Identification of OCSE for an operational SPS 
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and the relationship to the use of developmental OCSE in the build-up and 
testing of the SPS "Pilot Plant." The final output of this study was the 
selection and recommendation of a representative OCSE element for possible 
follow-on design, fabrication, and development testing. 

1.4 Program Guidelines and Assumptions 

The number and diversity of SPS definition studies currently being 
conducted within the NASA and by industry for the NASA, and the consequent 
continuing evolution of concepts and designs, make it mandatory that mean- 
ingful study guidelines be established and maintained. Program guidelines 
and assumptions provided by the NASA at the start of the study have been 
utilized throughout to define and bound the effort. As with any undertaking 
of the magnitude of the SPS program, the guidelines used can be very in- 
fluential on the final results. Therefore, the ground rules must be clearly 
defined to provide a common understanding of study requirements. 

The program guidelines and assumptions established for this study 
are as follows: 

a) Construction date of the first operational SPS will be 1995. 

b) SPS construction will be supported by a space construction base 
which provides for the needs of the construction crew, provides an opera- 
tions center, provides logistics storage and control, and provides the 
facilities for any service required by the construction support equipment. 

c) Construction of a solar power development laboratory (SPDL) , for 
this study referred to as a "pilot plant," will begin in low earth orbit 
in 1985 using the same construction techniques as planned for the opera- 
tional SPS. The purpose of the pilot plant is to provide an R&D capability 
to assess all the critical elements that require evaluation or demonstra- 
tion, including construction and associated support equipment operation. 
Potential differences between pilot plant (in LEO) and SPS (GEO) opera- 
tions should be taken into consideration; that is, scale factor differences 
of 15 to 1 and day-night cycle perturbations should be identified. 

d) Pilot plant construction will be supported by a space construction 
base which provides services for the pilot plant in the same manner as that 
for the SPS. 
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e) The OCSE to be defined in this study is for support of the opera- 
tional SPS. In order to accomplish the objectives of the earlier pilot 
plant, OCSE used in its construction should be as near like the eventual 
operational SPS equipment as possible. 

f) Initial state of the art technology shall be that which is avail- 
able in 1980. Design improvement for SPS construction support can consider 
1990 technology. 

g) OCSE used in the construction of the SPDL shall be compatible 
with the Shuttle Transportation System. SPS construction requires a new 
heavy lift launch vehicle (HLLV) and other orbital transfer vehicles. 

h) Study effort will not be expended to originate designs for con- 
struction/fabrication equipment, but will utilize designs from companion 
studies in order to derive OCSE requirements. 

1.5 Design Guidelines 

In addition to the program guidelines defined for the study, several 
design guidelines were established to provide assistance in the formulation 
of OCSE concepts. The design guidelines supplied by the NASA to Martin 
Marietta are as follows: 

a) Three SPS configurations chosen by JSC will be used for this 
study — solar photovoltaic column/cable concept, solar photovoltaic truss 
concept, and thermal engine concept. 

b) The OCSE shall be designed for repeated use in the construction 
of a number of large space systems. 

c) The entire construction system will operate in a zero-gravity en- 
vironment . 

d) Pressurized equipment (other than suits) shall be designed to 
accommodate a nominal 14.7 psi, earth-like atmosphere. Systems may be 
operated at lower internal pressures to reduce or eliminate prebreathing 
time if proved advantageous for extensive suited extravehicular operations. 

e) Support vehicle crew size shall be a function of support require- 
ments. Isolated EVA crei^men shall operate in pairs. 
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f) Concept design shall emphasize 
such things as redundancy, environmental 
will be investigated only to the extent 
pacts on the OCSE concepts. 


functional performance rather than 
control and power supply wliicli 
necessary to determine major im- 
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2.0 SUMMARY AND CONCLUSIONS 


2.1 Summary 

The three major parts of this study are summarized in Figure 2.1-1. 

In Part I, approximately 200 separate construction steps were defined for 
the three SPS concepts. Detailed construction scenarios were developed 
which described the specific tasks to be accomplished and Identified general 
equipment requirements. The scenarios were used to perform a functional 
analysis, which resulted in the definition of 100 distinct SPS elements. 

These elements are the components, parts, subsystems, or assemblies upon 
which construction activities take place. Table 2.1-1 shows the major SPS 
element for each configuration. For those elements, 300 functional require- 
ments were identified in seven generic processes. Cumulatively, these processes 
encompass all functions required during SPS coastruction/assembly . Individually 
each process is defined such that it includes a specific type of activity. Each 
SPS element may involve activities relating to any or all of the generic 
processes. Figure 2.1-2 lists the processes and shows an example of the require- 
ments defined for a typical element. 


PART I -REQUIREMENTS ANALYSIS 


• Objectives and Definitions 
t SPS Concepts 

• Construction Scenarios 
f Functional Analysis 

• OCSE Requirements 




PART II-OCSE CONCEPT DEFINITION 



f Concept Development 
t System Integration 

• Design Definition 

• Preliminary Screening 


PART I II-OCSE CONCEPTS EVALUATION/ 
SELECTION 



• Trade Studies 

• Concepts Selection 

• Conceptual Designs 
■ Cost/Schedule Data 


Figure 2.1-1 Study Overview 
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Table 5. 2-1 Majop SPS Elements 


COLUMN/CABLE SPS 

TRUSS TYPE SPS 

THERMAL SPS 

STRUCTURAL SUPPORT 

STRUCTURAL SUPPORT 

POWER CONVERSION SYSTEM (PCS) 

• Main Columns 

• Cable System 

- Main Cables 

- Prime Cables 

- Suspension Tapes 

- Peripheral Cables 

• Longitudinal Columns 

• Transverse Beams 

• Tension Cables 

t Cavity Absorbers 

• Turbo Machines 

• Power Distribution 

• Radiators 

• Fluid Piping 

SOLAR ENERGY COLLECTION SYSTEM 

SOLAR ENERGY COLLECTION SYSTEM 

SOLAR CONCENTRATOR (SC) 

(SECS ) 

■ Solar Cell Blankets 
• Concentrator Blankets 

(SECS) 

• Solar Cell Blankets 

• Concentrator Blankets 

t Support Struts 

• Concentrator Framework 
Structure 

f Support Structure 

• Reflector Facets 

• Facet Steering Control 

MICROWAVE POWER TRANSMISSION 

MICROWAVE POWER TRANSMISSION 

MICROWAVE POWER TRANSMISSION 

SYSTEMS (MPTS) 

• Column Extension Structure 

• Ball Joint 

• Support Structure 

• Microwave Subarrays 

• Operational Equipment 

- Phase Control 

- Power Distribution 

- Pointing Control 

- Counterweight System 

SYSTEMS (MPTS) 

• Extension Support Structure 

• Rotary Joint 

• Support Structure 

• Microwave Subarrays 

• Operational Equipment 

- Phase Control 

- Power Distribution 

- Pointing Control 

SYSTEMS (MPTS) 

• Rotary Transformer Assembly 

• Support Structure 

• Microwave Subarrays 

• Operational Equipment 

- Phase Control 

- Power Distribution 

- Pointing Control 

AUXILIARY EQUIPMENT 

• Attitude Control 

• Instrumentation & Communica- 
tions 

• Counterweights 

AUXILIARY EQUIPMENT 

• Attitude Control 

• Instrumentation & Communica- 
tions 

AUXILIARY EQUIPMENT 

• Attitude Control 

• Instrumentation & Communica- 
tions 



H 

H 

i 

CO 
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Fasten 


Checkout 


Figure 2. 2-2 Typical SPS Element with Corresponding Generic Process Requirements 
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As a result of the Part I analyses, the construction equipment required 
by each SPS concept was defined and the support requirements for that equip- 
ment were established. Figure 2.1-3 depicts the method whereby construction 
functions (in terms of the generic processes) were utilized to generate OCSE, 
and how these OCSE items were classified into broad groups. Based on the 
usage classifications shown, 11 groups of potential OCSE were identified. 
These groups are listed in Table 2,1-2, 

Concept definitions for the OCSE were established in Part II of the 
study. In addition, over 100 candidate OCSE concepts in the 11 groups were 
identified. A process was developed by which the concepts could be screened 
across 12 criteria so that a list of OCSE for which conceptual designs would 
be established in Part III was defined. Figure 2.1-4 shows a portion of the 
comparison matrix, identifies the screening parameters, and lists the 11 
selected items of OCSE. 


The OCSE system descriptions developed during Part III of the study for 
each of the 11 items contained the information listed in Table 2.1-3. 

Table 2,1^S OCSE System Descriptions 


• 

• 

Operational Description 
Crew Participation 

f Interface Considerations 

• 

Concepts 

t Cost Data (under separate cover, 

• 

Subsystems 

Appendix B) 

• 

Environmental Factors 

• Development Plan 


Applications of OCSE to SPS Pilot Plants (1985) were also investigated 
in Part III. An OCSE development priority was established, as shown in Table 


2.1-4, based upon Pilot Plant considerations. This shows that the items 
requiring the earliest flight-operational units (1984) are the manipulator 
(fixed or mobile), the manned cherry picker (boom or structure attached) 
and the basic fabrication/assembly concept of the Central Hub Assembly/ 
Deployment module. The other items require the first operational units 
between 1985 and 1989. Finally, an overall schedule was defined to show 
the required technology studies and the OCSE development schedules in re- 
lation to each other. This is depicted in Figure 2.1-5, 
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SPS 

ELEMENTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTION 
EQUIPMENT 

SUPPORT REQUIREMENTS 

t. triangular 
SESHT 

- SECS Support 
Trusses 
(1200} 

- MPTS Exten- 
sion Struc- 
ture 

• HANDLE beams to assemble strut- 

Beam and Beam Assembly Transporter 

Mobile Beam Transporter (on 

ture 

• beams as sections are ass- 
embled. 

• FASTEN beams together - probe and 
drogue requiring external torque 
(multiple Joints 0 one operation) 

• ADJUST beam end fittings to align 
diagonal beam plane 

f Receive beams 
■ Beam holddowns 
• Beam release 

Structure) 

e Assemble on orbit or launch 
from ground 

■ Transport to structure 

• Placement on rails or cables 

• Comnunlcations link 

■ Electrical power recharge 

• Operational checkout 

• Maintenance and repair 



Beam Handler 

Fixed Base Manipulators 

• Assemble on-orbit or launch 
from ground 

e Transport to construction site 
a Alignment for mounting 

• Fasten to construction facil- 
ity 

a Service and repair 

Small Highly Dexterous Manipula- 
tor 

• Launched from ground 




• Beam translation 

• Position for alignment 
1 Adjust after fastened 

Beam Fastener 


-J 

• Fasten beams 
■ Adjust beams 



SPS 

El ement 

Group 

No. 

SUPPORT REQUIREMENTS 

POTENTIAL OCSE 

MAJOR DESIGN DRIVERS 

OCSE 

COMMON USAGE 
CUSSIFICATION 

1. 

Mobile Beam Transporter (on 
Structure) 

• Assemble on-orbit or launch 
from ground 

• Transport to structure 

Launch from ground 

Designed to fit within HULV 

Universal docking device 


Transporter, free-flying 

Man-in-the-loop control 

FF Trnsptr 

(/I 

X 

• Placement on rails or cables 

• Caninunicatlons link 

Facility manipulator/TV and 
lights 

Antenna module 

Han-remote control 
Replaceable module, func- 

Antenna mod., 10 iOn range 


• Electrical po^^r recharge 

Small 3 DOF manipulator 

tion of distance 
Battery storage or recharge 

Battery Recharge Station 

3 

a Operational checkout 

TV and lights or Instrument! 

stops 

Motion, current, force 

TV B Lighting System 

Z 

• Maintenance and repair 

Railed EVA work platform 

Replaceable modules 

Caimon Replacement Modules 

ec 

Fixed Base Manipulators 
• Assemble on-orbit or launch 

Launch from ground 

Erectable structure 

Free-Flying Transporter 


from ground 

• Transport to construction site 

Transporter, free-flyer 

Site 


a Alignment for mounting 
• Fasten to construction facility 

Facility manipulator/TV and 
lights 

Small manipulator/EVA 

Prepared surface on jig 
EOTS size, cherry picker 

One man cherry picker 


• Service and repair 

Small manipulator/EVA 

EOTS size, cherry picker 

One roan cherry picker 


Small Highly Dexterous Manipulator 

• Launched from ground 

• Transport to construction site 

Receive from launch vehicle 
Transporter, free-flyer 

Small free-flyer, EOTS size 

FF Trnsptr 


■*-i' 1 ^»*''face with fixed base 



Figure 2.1-3 Generation of OCSE from Construction Functions for SPS Elements 


• Free-Flying Transporters 

• Personnel and Materials 

• Materials Transporter 

• Personnel Transporter 

• Structure Attached Transporters 

• Personnel and Materials 

• Materials Transporters 

• Personnel Transporter 

t Handlers 

• Manipulators 5 DOF (Arm-like) 

• General Purpose 4 DOF Mechanisms 

• Aligners 

t Align for Joining 

• Flatness 

• Depth and Range 

f Material Fasteners 

• Manipulator Controlled 

• EVA Controlled 

• Inherent with Structure 

• Adjustment Devices 

• Beam Positioners 

• Inherent with Structure 

• Cable Tensioners 

t Checkout 

• Input Simulators 

§ Data Feedback Sensors 





• Monitor Devices 


• Indirect Viewing 

• Direct Viewing 

• Instruments 

• OCSE Support Equipment 

• Docking Devices 

• Commodity Servicer 

• Storage Panels 

• Modularized Systems 

• Integrated Systems 

• Structure Attached Mobile Manned Vehicle 
with Attached Manipulators 

• Free-Flying Manned Vehicle with Attached 
Manipulators 

• Remote Manned Teleoperator Vehicle 
Structure Attached 

• Remote Manned Teleoperator Vehicle Free- 
Flying 

• Base Modules 

• Central Hub Assembly/ Deployment Module 

• Maintenance and Repair Module 

• Commodities Storage Module 

• Assembly Jigs 

• EVA Module 
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Comparison Matrix 


I 


• Selected OCSE 



• B«se Kodules 






■ 


■ 



m 



. cM/i^Hodule 

1 ** 

H 

H 

H 

H 

fl 

H 

H 

H 

H 

fl 

K 

2/ZO 

- EVA Hodut* 

H 

H 

B 

B 

B 

B 

H 

B 

K 

N 

B 

N 

S/V 

- Cmnod1tte$ Stortge Nodule 

II 

L 

B 

B 

D 

H 

H 

H 

H 

H 

B 

H 

a/16 

- Hafntefunce and Repair Nodkile 

D 

H 

B 

B 

B 

H 

H 

K 

H 

H 

H 

B 

a/ 18 

- Aasembly Jigs 

B 

L 

H 

K 

K 

B 

H 

H 

H 

N 

B 

B 

s/ia 

• Transporters 

■ 





B 





■ 



- Personnel Tmsptr Free Flying 






■ 





B 

B 


-.Suited, Open Structure 

fl 


M 

H 

B 

H 

H 

D 

M 

K 
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9/13 

— -J 
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B 

H 

B 

N 

H 

H 


9/13 








_J1^ 

B 

N 

H 

( 



11/11 


• Manipulator, fixed or mobile base, or dual, ^ 5 DOF 

• Docking Device for joining large systems 

• Manned Cherry Picker, attached to boom or structure 

• Central Hub Assembly/Deployment CCHAD) Module 

• Fixed-base Boom, long/extendable, <. 4 DOF 

• Maintenance Repair Module 

• Commodities' Storage Module 

• Personnel/Material Transporter, structure attached 

• OCSE Storage Panels 

• Personnel/Material Transporter, free-flying 

• EVA module 



Figure 2.2-4 Sareening Analysis Matrix and Selected OCSE 
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Tabte 2,1~4 OCSE Development Priority 


OCSE 

1984 

1985 

1986 

1987 

1988 

Imifl 

Manipulator (Fixed or Mobile Base) 

X 






Docking Device (for Large Systems) 


X 




X 

Manned Cherry Picker (Boom or Structure Attached) 

X 






Central Hub Assembly/Deployment Module (Basic Fab/ 

Y 






Assy Concept) 

A 






Fixed-base Long Boom 






X 

Maintenance Repair Module 




X 



Cormiodities Storage Module 



X 




Personnel/Material Transporter (Structure Attached) 






X 

OCSE Storage Panels 


X 


X 


X 

Personnel /Material Transporter (Free-flying) 


X 





EVA Module 


X 


X 


X 








77 78 79 80 81 82 83 84 85 I 8& | 87 I 88 I 89 I 90 I 91 1 92 


Alignnieit Techniques (SLR & RF) 

Large Space Systems Docking Study 
Algorithms for Autonomous Modes 
Dynamics of Moving Space Modules 
Selected OCSE Design Studies 
Remote & Autonomous Control Tech. 
Conmodities Storage & Transfer Tech. 
Radiation Impact Studies 
Man/Machine (Productivity) Stud 


DDT&E AND PRODUCTION 


Manipulators (fixed base) 

Joining Large Systems 
Cherry Picker 

Central Hub Assembly/Deployment Module 
Booms Fixed Base 
Maintenance Repair Module 
Commodities Storage 
P&M Transporter, Struct. Att. 

OCSE Storage Panels 

P&M Transporter, Free Flying 

EVA Module 


1985 Different Configuration 
than 199.5 


Figure 2,1~S Selected OCSE Schedule Simvary 

























2.2 Significant Results and Recommendations 

2,2.1 Significant Reaulta 

The complete results of this study are reported in subsequent sections 
of this report. However, some of the more significant observations have been 
collected and summarized as follows : 

■ a. Large Space Stvuatune Cormonality - Three different SPS configurations 
were analyzed during this study. Interestingly enough, while the basic 
configurations differed widely, the principles of construction were found 
to be similar. As a result, a large percentage of the OCSE was common 
irrespective of the particular SPS configuration. The dependency of the 
OCSE on configurations were in areas such as size, length, and number required 
as opposed to functional type requirements . 

b. Man's Involvement - Man’s involvement in the construction process needs 
further definition. The basic work shift philosophy, the level of EVA, and 
man's productivity should be established. 

( 2 . Timeline Considerations - The rate of SPS construction needs 
additional definition. This impacts the OCSE in that it affects the number ^ 

of pieces of OCSE required, provides rationale for mobile vs ’fixed type OCSE ^ 

based on usage frequency, and establishes the rates (or speeds) required of 
the OCSE. 

d. Ogevational Maintenance - Upon completion of an SPS, the OCSE moves 
to the next work site for subsequent SPS construction. In many instances, 
the OCSE element is aptly suited for operational maintenance. This role for 
OCSE should be addressed in the future. 

e. Simulation Technigues - New simulation techniques for large scale 

operations will be required. The dominant factors to be considered are the ] 

one "g" environment and the scaling of the structure. In some cases a portion 

of the large structure may be constructed full scale while in others, a sub- 
scale model of the complete structure will be used. ’ 

f. OCSE Tradeoff Studies ~ One of the results of some of the preliminairy 
OCSE tradeoff studies was the lack of sufficient support rationale to make a 
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clear selection of one over another. For exaaple, both long booms and 
manipulators were found to play a role In orbital construction. The long 
boom primarily provides a transport path or material supply function while 
the manipulator perforins the handling and Installation activity. From another 
point of view, when the length requirement on a manipulator becomes excessively 
long, booms become more attractive. 

g, Orbi,tal Construotion Eau-ipment - The interrelationships between the 
orbital construction equipment and the OCSE is apparent. Therefore, comple- 
mentary studies defining automated orbital construction equipment should be 
initiated. 

h. Conatruotion Jigs - Additional emphasis should be placed on the use 
of construction jigs and fixtures in the construction of large space systems. 
I'he jigs and fixtures are about the same size as the SFS structure but In 
general will be stiffer, built to closer tolerances, and incorporate align- 
ment references. As these jigs will provide the basic support platform for 
some of the OCSE elements, the OCSE requirements (e.g. , manipulative length) 
are dependent on the relative location of the jig with respect to the work 
site installation areas. Therefore, the application of Jigs, and their 
interrelationship with and effects on the OCSE, should be investigated includ- 
ing fixed, mobile, and relocateable types. 

2. 2. 2 Feagimendations - Based on the evaluations and discussions pre- 
sented in this study and the initial study objective to select and define 
the preferred piece of OCSE for potential follow-on design, fabrication, 
and development testing, it was determined that the manned cherry picker, 
and related supporting research and technology, was the top selection. 

a. SuppoT'tincj Research and Teahnotogy - Critical technology areas were 
identified for each of the OCSE and Included such items as alignment tech- 
niques, material fastening techniques, vehicle attached translation on struct- 
ural Interfaces, dynamics and control associated with movement of large masses 
in space, berthing of large space systems, and contamination sensitivity 
during construction and assembly. In numerous cases, a similar or identical 
technology problem was mentioned in connection with more than one OCSE as 
indicated in Table 2. 2. 2-1. These overlapping OCSE technology areas should 
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Table 2. 2. 2-1 Overlapping Technology Areas for OCSE 


OVERLAPPING 

TECHNOLOGY 

AREAS 

OCSE 

Manipulators | 

Alignment | 

Docking | 

o 

u 

+-> 

c 

o 

r-* 

05 

<U 

Vehicle/Track Interfaces | 

Life Support Provisions | 

Handling and Positioning Required | 

Stabilization and Control | 

Communication | 

Handling and Berthing of Unit | 

1 

i 

Autonomous Control | 

Hybrid Control System | 

Mechanical Connectors 1 

Fluid Connectors/Fluid Tight Jointsl 

Fluid Leak Detection and Repair | 

Electrical Connectors | 

Commodity Servicing | 

t 

Manipulator, fixed or mobile base, or dual, > 5 DOF 

D 

D 

■ 

D 

□ 

■ 

D 

■ 

D 

D 

D 

D 

D 

D 

■ 

■ 

B 

Bjjjjl 

« 

Docking device for joining large systems 

D 

D 

D 

D 

■ 


D 

■ 

0 

D 

D 

0 

D 

■ 

a 

■ 

o 

■ 

• 

Manned Cherry Picker, attached to boom or structure 

D 

D 

D 

D 

□ 

D 

D 

■ 

D 

D 

■ 


■ 

D 

* 

B 

D 


• 

CHAD Module 

m 

D 

■ 

D 

■ 

□ 

■ 

D 

D 

■ 

■ 

■ 

D 

■ 

■ 

■ 

B 

a 

• 

Fixed-base Boom, long/extendable, £ 4 DOF 

D 

D 

■ 

D 

■ 

■ 

■ 

■ 

D 

D 

D 

D 

D 

D 

■ 

■ 

D 

H 

• 

Maintenance Repair Module 

D 

D 

D 

D 

■ 

D 

D 

■ 

D 

S 

i 

■ 

■ 

s 

D 

o 

B 

D 

f 

Commodities Storage Module 

D 

D 

D 

D 

■ 

■ 

■ 

D 

D 

i 

I 

D 

D 

i 

ID 

D 

0 

Bi 

• 

Personnel /Material Transporter, structure attached 

m 

D 

■ 

D 

D 

D 

D 


D 

D 

■ 


■ 

D 

D 

D 

D 

B 

• 

OCSE Storage Panels 

m 

O 

D 


■ 

■ 

D 


D 

D 

D 

D 

1 

D 

D 

■ 

D 

B 

t 

Personnel /Material Transporter, free-flying 

n 

D 

D 

D 

D 

D 

D 

D 

D' 

D 

■ 

■ 

■ 

D 

□ 

D 

Dl 

B 

• 

EVA Module 

■ 

□ 

D 

D 

■ 

D 

D 

■ 

Dl 

D 

■ 

□ 

□ 



D 

m 

D 


































be Investigated In a single study covering the spectrum of OCSE requiring 
that technology. For example, a study on alignment techniques for large 
space structure construction applications may be preferable over separate 
studies In which each element of OCSE addresses alignment. 

b. OCSE Follow-on Recomnendation - As a result of this study an OCSE 
development preference ranking was generated. The four top items in order 
of preference were the manned cherry picker, docking of large systems, man- 
ipulator (50 m) , and the central hub assembly/deployment module. The top 
item recommended was a cherry picker, because this element of OCSE Is 
required during the early phases of SPS activity and is highly Involved 
In pilot plant construction. Development of this Item should be consistent 
with other aerospace hardware development programs. However, it is recommended 
that early hardware development make use of the NASA protoflight concept. 

This concept uses early flight testing of subsystems to reduce the number 
of test hardware units, reduce the extent of ground testing and utilizes the 
Shuttle to return hardware for post-test Inspections and analyses. This fits 
Into the basic programmatic philosophy of keeping cost down. 

A key term associated with low cost programs and Involved In many dif- 
ferent phases of this study was commonality. Commonality of design, common- 
ality of hardware, commonality of test facilities, commonality of technology, 
etc all played a major role In determining the development preference. For 
example, the pressurized cab used on the cherry picker to house the operator. 

Is very likely the same hardware that can be used on the other manned trans- 
port vehicles needed downstream. The basic development plan proposed for 
the cherry picker Is typical for each of the OCSE Items, with the exception 
of time phasing and some of the unique subsystems requirements. The plan 
as laid out has five primary phases to complete development /demonstration: 

1) design study; 2) proof of concept (engineering model); 3) protoflight 
unit; 4) system Integration; and 5) space demonstrations. These phases are 
discussed In detail In section '5.4. 3. 

2,2.5 Conolueiom - The past eight months work have resulted in the 
generation of the first overall picture of the different parts OCSE plays 


In orbital construction of the SPS. A number of different options were 
considered with data to support entry into follow-on work activities which 
should aid in reducing the uncertainties associated in committing to the 
development of an operational SPS. In addition the data base developed 
during this effort is presented in a format permitting NASA various options 
in preparing for future projects. 
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3 . 0 REQUIREMENTS ANALYSIS 


3.1 Part I Objectives 

During Part I of the study, SPS concepts definition was achieved and 
the corresponding OCSE requirements were defined. The concepts definition 
was achieved by collecting and organizing data relevant to the selected SPS 
configurations, establishing a detailed construction scenario for each con- 
cept and preparing functional activities analyses of each construction se- 
quence. In addition, a spectrum of elements was defined for large space 
structures and the extent of man’s role in the construction process was 
determined . 

OCSE requirements were defined by establishing a finite set of generic 
processes which applied to the SPS elements, describing the construction 
functions required to complete each process, identifying the potential con- 
struction equipment which could accomplish those functions, and defining 
the support requirements of the construction equipment. 

Figure 3.1-1 shows the functional flow of the Part I tasks and references 
the paragraphs in the remainder of this section where each step is described. 



OCSE REQUIREMENTS— 
INPUT TO PART II 


Figure 3.1-1 Functional Flow to Define OCSE Requirements 
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3.2 SPS Concept Baselines 

Three solar power satellite (SPS) concepts were selected by NASA to 
be used as baselines for this study. These include two JSC concepts of solar 
photovoltaic systems the column/cable type and the truss type. The 
third system is the Boeing Bray ton-cycle thermal engine satellite. A therm- 
ionic emission power generation system was also considered but was later 
eliminated from consideration since the thermal engine system contained 
similar, as well as more diverse, construction tasks. 

Scenarios were developed for constructing each baseline SPS to aid in 
vi'sualizlng required construction steps preparatory to defining specific 
functional activities. The scenarios were reiterated as necessary during the 
process of formulating feasible construction methods. The MPTS scenario is 
discussed separately (Section 3.3.4) because of commonality to all SPS systems. 

3. 2. 1 Colwm/Cabte (C/C) SPS Baseline 

The general scenario for constructing the C/C SPS is presented in Figure 
3. 2. 1-1. Eight construction facilities (CF) are assembled in LEO and boosted 
to GEO for subsequent SPS construction. A manufacturing facility (MF-1) will 
be maintained in LEO for assembling SPS elements too large for direct launch 
from earth; e.g., MPTS subarrays, solar cell rolls, secondary structures, etc. 
In GEO, CF-1 will build a hub for subsequent attachment of CF-2 thru CF-6. 

MPTS extension structures will be partially built outboard of CF-5 and CF-6. 

The MP !S construction facilities (CF-7 and CF-8) will dock on this structure. 

The construction proceeds with CF-1 thru CF-6 extending the columns, CF-2 
and CF-3 Installing the solar energy collection system (SECS) and deploying 
the peripheral cables, CF-5 and CF-6 installing +X tape reels, and CF-1 and 
CF-3 deploying main and prime cables. Supplies from earth are brought to 
logistics facilities (LF) at CF-1 and CF-3 and are distributed by local trans- 
fer means to the other facilities as required. 

Upon completion of constrrxtion, installation of auxiliary equipment, and 
systems checkout /activation the facilities not needed will be removed and man- 
euvered to a different construction site. 

^^^Reference: Initial Technical, Environmental and Economic Evaluation of 

Space Solar Power Concepts, JSC 11568, NASA- JSC, August 1976. 
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3. 2. 2 Tru&s Configuration CT) SPS Baseline 


The general scenario for constructing the truss SPS is presented in Figure 

3. 2.2- 1. One large construction facility (CF) will be assembled in LEO and 
boosted to GEO for subsequent SPS construction, A manufacturing facility (MF) 
will be maintained in LEO for assembling SPS elements too large for direct 
launch from earth. 

In GEO, the main facility will build the SECS while additional facilities 
at the SECS end wall and facility will build the MPTSs. Auxiliary SPS equip- 
ment is installed as construction proceeds. When the SPS construction is 
completed, the MPTS extension structure at the facility end is spliced to the 
SECS end wall. When systems are checked out and verified, the SPS is oriented 
to the sun and the MPTSs are pointed to the earth ^-.nd activated. The construc- 
tion facility is then separated and maneuvered to another construction site. 

3. 2. 3 Boe'Cng Thevmal Emine (Bf) SPS Baseline 

The general scenario for constructing the BT SPS is presented in Figure 

3. 2. 3- 1. Initially four construction facilities (CF-1 thru CF-4) will be 
assembled in LEO. These will independently assemble the four power conversion 
systems (PCS). Six beam builder facilities for each module (CF-3 thru CF-28) 
will be attached to structure at the bases of the PCSs. These facilities will 
construct the solar concentrator structure and install reflector facets while 
the PCS elements are installed. Simultaneously, a separate facility (CF-29) 
will construct the MPTS. A manufacturing facility (MF) will also be main- 
tained to assemble SPS elements into larger elements to minimize construction 
tasks at the SPS modules (e.g., buildup of turbogenerator modules to minimize 
potential leak points to check when installed). 

After all modules are completed, the MPTS is attached to the bottom of 
one module, propulsion units are attached, and the modules are separately 
boosted to GEO. In GEO, the modules and MPTS are joined, the spinal truss 
(power conductor) is assembled, and the SPS is checked out and activated. 
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Figicoe 3. 2, 3-1 Thermal Engine SPS - Conatmation Scenario 
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3.3 Construction Scenarios 


Detailed construction activities and assembly requirements fcr the base- 
lined SPS concepts are presented in this section. These scenarios are based 
on data provided by JSC (for the Column/Cable and Truss SPS) and the Boeing 
Company (for the Thermal Engine SPS). Additional construction details were 
generated by preparing functional analyses and constructi’n schedules based 
on JSC timeline estimates. 

Although proposed construction techniques will continue to evolve as the 
SPS definition studies proceed, it should be noted that the scenarios as pre- 
sented here still provide a realistic description of the types of tasks which 
will be required for eventual SPS construction, whatever its ultimate config- 
uration. 

3. 3. 1 Solar Photovoltaia Column/Cable SPS 

3^3. 1.1 Overview - A view of the JSC column/ cable (C/C) SPS is presented 
in Figure 3. 3. 1-1. The system contains much less supporting structure than 
exists in other concepts. The main structure consists of three truss-type 
cross columns with tension cables connected at each 3600-meter column incre- 
ment to hold the columns in compression. The solar energy collection system 
(SECS) is a series of solar cell panels and concentrator sheets. The SECS is 
installed on the +X column and is deployed in the +Y directions (Figure 
3. 3. 1-2). The SECS is held in a flat plane by a cross-pattern of secondary 
tapes on the top and bottom sides, and by prime cables that converge at the 
+Z column ends (Figures 3. 3.1-3 and 3. 3. 1-4). The SECS is attached to the 
peripheral cables by the secondary tapes. The peripheral cables also serve 
to collect and transmit the electrical power from the SECS. The electrical 
energy generated in the solar cells is transmitted to the aluminized concentra- 
tor material and is conducted through the concentrator to the peripheral cables. 
The electrical power is further transmitted by large distribution cables to 
the microwave power transmission systems (MPTS) located at the ends of the 
+Y column. 

3. 3. 1.2 Construction Activities - The baseline construction method 
assumed for the C/C SPS is to start at the center and work outwards. All 
applicable elements are Installed and additional beam segments are assembled 
in increments. Tlie columns are assembled by use of six construction facili- 
ties and supporting equipment, such as the concepts depicted in Figure 3. 3.1-5. 
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LONGITUDINAL SECONDARY TAPE 
BOTTOM SIDE - EVERY 100 M 

LONGITUDINAL SECONDARY TAPE 
TOP SIDE - EVERY 200 M 


PERIPHERAL CABLE 


SOLAR 

CELLS 


LATERAL SECONDARY TAPES 
TOP & BOTTOM EVERY 200 M 


CONCENTRATOR 


PRIME CABLES 

(CONVERGE TO SINGLE CABLE) 

PICK UPS AT CORNERS 
EVERY KM 


SECS CABLE SUPPORT SYSTEMS 

Figure S.3.1-4 Colum/Cable SPS ~ SECS Cable Suppovt 
Systems 







While a 100-meter segment of the column truss is being assembled in the facility 
outboard bays, concentrator rolls or solar cell panels are installed on the 
column (exposed from the Inboard end of the facility) and connected to the 
secondary tapes, prime cables, and peripheral cables. When these tasks are 
completed, the tensions on the main, prime, and peripheral cables are released 
and each facility is moved outboard 100 meters. These steps are continually 
repeated until the final SPS configuration is reached. As the peripheral 
cables move outward from the center, the SECS is pulled out. The SECS is 
attached to the secondary tapes with rings that allow relative X-Y movement. 

The secondary tapes are deployed from reels mounted on the +X and +Y columns. 

All prime cables are carried along by the facilities on the +X columns and 
the applicable cable ends are attached to the appropriate secondary tape rings 
at the times of SECS installation. 

The column . trusses are assembled from 2.45-meter wide triangular beams, 

100 meters long, fabricated in automated beam builders (six at each facility). 
The beams are assumed to have the centroidal node joints shown in Figure 
3. 3. 1-6. Combinations of automated and remote-controlled equipment would 
install the beams and cross-cables and align the *^russ by adjustments of beam 
and cable lengths. The facility structure will provide a jig for aligning 
the column beams . 

Simultaneously during SECS construction, the MPTSs are constructed by 
equipment operating out of facilities located on structure installed on the 
outboard side of the +Y column facilities. 

It is assumed the facilities would be assembled in low-earth orbit (LEO) 
and boosted to geosynchronous earth orbit (GEO). There the facilities would 
be joined at a column hub and the SPS construction would proceed. A manufac- 
turing facility (MF) would be maintained in LEO for assembling and supplying 
large SPS elements such as MPTS subarrays and secondary structures. To con- 
struct the SPS in LEO and subsequently boost it to GEO would, because of the 
configuration, require low thrust levels and long transit times. This would 
result in solar cell deterioration in the Van Allen belt and a delay in 
initiating the operational phase. 

When construction is completed and the systems are activated, the con- 
struction facilities can be separated and moved to another site for construction 
of the next SPS. A maintenance facility would be left at the SPS to enable 
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performing logistics and maintenance services during the operational period. 
The functional analysis and construction schedule for the column/cable SPS 
are presented in Table 3. 3. 1-1 and Figure 3. 3.1-8, respectively. Approxi- 
mately 70 different construction steps are identified, and over 60 specific 
equipment requirements were established. These equipment requirements may 
include logistics, construction equipment or construction support equipment. 
Other miscellaneous requirements may also encompass these categories of equip 
ment. The maximum and minimum potential uses of man during construction and 
assembly are also described in the table. 


2.S.1.S C/C Options - Option A to the baseline construction method 
assumes the column trusses are constructed independently of the SECS instal- 
lations. The solar cell panels and concentrators are installed by separate 
construction equipment systems that can move along inside the +X column. 

The SECS is deployed and attached to the peripheral cables as one of the 
later construction steps. 


Option B assumes solar cells are installed from rolls (Figure 3. 3. 1-7) 
instead of the pleated 10 x 10 meter panels depicted in Figure 3. 3. 1-2. 

Since the solar cell weight for the 
longest trough is about 480,000 kg, 
several smaller rolls (e.g., 48,000 kg) 



would be more feasible. The use of 


rolls permit automating the electrical 


and mechanical attachments between 


solar cell segments and with the concen- 
trator sheets. A zipper-like mechanism 
Is envisioned for this joining process. 


Figure 3.3. 1-7 Coluim/Cabte SPS - SECS Roll Conaept Option B 
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Table 3. 3.1-1 



Colwr,n/Cdble SPS Construction - PvT.oti.oral Analysis 






EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN'S ROLE 


TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF HUl 

1,0 AiSfHttU CM5TRUC- 
TIOH FACILITIES 
(LIO) 


M';ht construction facilities will bo assembled In 
LEO and boosted to GEO for subsequent construction 
of the SPS. These facilities provide the following 
sen 'ces: 

IMF - Integration and management facility 
LF - logistics facility 
H - habitat 

CF - construction facility 

e Conitructlon 
base (6) 

1 CF-I thru CF-6 
will provide the 
capability for 
assembling tri- 
angular beans 
that are 100 m 
(328 ft) on t 
side. 




■ 

- 

The facilities Include: 

CF-i - IMF + LF + H + CF for constructing the Initial 
SPS hub and one of the main cable support 
columns. 

CF-3 - LF + H + CF for constructing the Other naln 
column. 

CF-2. CF-4. CF-S. 6 CF-6 - H + CF for constructing 








the SECS support columns ana installing the 
SECS. 

CF-7 & CF-8 - H + CF for constructing the HPTSs. 
These are attached to CF-5 and CF-6. 




\ 

1.1 Construct CF-1 

1.1.1 Launch construc- 
tion case with 
beam fabricators 

1.1.2 Install con- 
struction equlp- 
nent 

1.1.3 Fabricate facil- 
ity beams 

1.1.4 Assemble facili- 
ty frame 

1.X.5 Install auxili- 
ary systems (as 
rei)u1r«d) 


In addition, a manufacturing facility (HF-1) will be 
maintained In LEO for assembling SPS elements too 
large for direct launch from earth; e.g., HPTS sub- 
arrays. 

CF-1 win be Initiated with the launch of a con- 
struction base with equipment to manufacture triang- 
ular beams that are 2.45 meters on a side. 

Construction equipment will be Installed on the per- 
imeter of the base. The equipment will be used In 
taking fabricated beams and assembling a large fa- 
cility frame. This frame will provide hard points 
and act as a Jig for subsequent assembly of the SPS 
triangular columns that are 100 m on a side. The 
facility frame Is Initially conceived as triangular, 
with Inside dimensions of 100 m on a side, and 200 
m long to assure straightness of the assembled SPS 
columns. 

Auxiliary systems, such as propulsion, GN&C, etc 
must be InsUlled If not originally Incorporated in , 
construction base. 

a Capability to 
fabricate 2.45 
X 100 m (8 X 
328 ft) beams 
and assemble 
these into the 
required faci- 
ng frame. 

e Facility beams 
will span dis- 
tances of appro) 
100 meters. 

Beam mass Is 
~36 kg (80 lbs) 

e Docking provis- 
ions are re- 
quired for sub- 
sequent resup- 
ply vehicles 
(materials, 
consumables, 
etc). 

a Beam joining 
methods are 
assumed to be 
the centroldal 
node Joint. 

a Make the con- 
nections betwe- 
en beams to 
assemble the 
facility. 
e Resupi-'ly the 
beam fabrica- 
tors. 

e Perform on-site 
monitoring of 
beams to ensure 
allgrmtents. 

0 On-site opera- 
tion of manip- 
ulators, like 
earth-operation 
of cranes, 
e Maintenance. 

e Remote control 
of OCSE. 

e Systems rcnota 
monitoring, 
e Fabricator re- 
supply from 
shirtsleeve en- 
vironaent. 
e Maintenance, 
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Table 3. 3. 1-1 (Continued) 


TASKS 


TASK DISCUSSION 

EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MM'S ROLE 


(Mast, Distance, 
Size, Etc) 

KAXIMUH 
USE OF NAN 

HINIKUK 
USE OF HAN 

1.2 Construct CF-2, 
CF-4, CF-B 1 CF*6 

1.3 Construct CF-3 


CF-2 thru CF-6 are essentially like CF-1, in that 
all build the large 100 m beams. CF-3, like CF-1, 
provides provisions for storing materials and disper- 
sing them to other facilities. In addition, CF-1 and 
CF-3 provide the main and prime SPS cables. CF-2, 

-4, -5, and -6 provide the capabilities for SECS In- 
stallation: 

Sane at 1.1 

Same at 1.1 

Sam as 1,1 

Sam as 1,1 



e Solar cell and concentrator packages; 
e Prime and secondary cables; 
a Power distribution system. 




- 

1.4 Construct CF-7 t 
CF-8 


CF-7 and CF-8 build the HPTSs. These facilities are 
docked to structure outboard of CF-5 and CF-6. These 
facilities win assemble the 130 x 65 m frames (with 
cross-cables) used in constructing the HPTS polygon 
structure. The frame trusses are triangular at 4.3 m 
on a side. The facility Is envisioned as approxi- 
mately 30 X 70 meters by 150 meters long. Fabrica- 
tors, OCSE, and Jigs are provided In 3 bays for sim- 
ultaneous manufacture of 3 frames. The same facility 
will provide support to the equipment for assembling 
the SECS attachment structure and MPTS substructure 
and for installing the secondary structure and sub- 
arrays. 

e Capability to 
fabricate 4.3 x 
ISO m X 50C 

ft) beams and 
assemble these 
Into the re- 
quired facili- 
ty frame. 

e Facility beans 
with spans up 
to 150 meters, 
e Beam mass is up 
to -54 kg (119 
lbs). 

e Docking provi- 
sions are re- 
quired for sub- 
sequent resup- 
ply vehicles 
(materials, 

HPTS elements, 

consumables, 

etc). 

Sam as 1.1 

% 

Saaie as 1.1 

l.S Construct HF-1 

1.5.1 Launch facility 
modules 

1.5. 2 Assemble facili- 
ties 

1.5. 3 Launch and In- 
stall facility 
equipment 


The manufacturing facility will be maintained In LEO 
and will manufacture/assemble SPS elements that are 
too large for direct earth launch. The facility 
will contain a crewman habitat, factory-type facili- 
ty for assembly operations, material stowage area, 
docking provisions for resupply vehicles, and pro- 
pellant servicing provisions for orblt-to-orblt 
vehicles. 

a Capability to 
assemble large 
habitable ve- 
hicle. 

e Factory-type 
equipment for 
assembling 
specific SPS 
•laments. 

• Subarrayt ■ 200 
kg. Katerlal 
packages ■ TBO 
kg, 

I 

• Hands-on astern' 
bly of facili- 
ty and SPS 
elements. 

• Direct machine 
operation, re- 
supply, and 
nonitoring, 

• Naintanince. 

e Remote control 
of factory op- 
erations from 
shirtsleeve cO" 
vironment. 
e Monitoring of 
automated 
aqul patent, 
a Machine resup- 
ply. 

• KalnteMnee, 

2.0 BOOST ELEHEHTS TO 
GEO 







2.1 Construction Ftcll- 
Ittes 


As the construction facilities are completed, they 
win be boosted to GEO, CF-1 will go first, since 
It must build the SPS hub for CF-2 thru CF-6 to 
dock to. Since low-thrust propulsion is desirable 
for those large structures, longer thrust times will 
be required. 


• 




Bt^aoueiaam .op the 

J8 POOR 
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Table 3.Z.2-1 (Continued) 






EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REOUIREHENTS 

KAN'S ROLE 


TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

HAXiMUM 
USE OF HAN 

NINIHUN 
USE OF KAN 

2.2 

Manned Modules 


The construction crews will follow to GEO In manned 
modules, which will dock to the construction facili- 
ties. 

a Docking crew 
transfer pro- 
visions. 




2.3 

Materlels/Consun- 

ables 


Materials and consumables will be boosted to GEO as 
required and docked to the logistics facilities at 
CF-l and CF-3, From there, smaller transfer vehicles 
will distribute the conmodltles to the other con- 
struction facilities. 

e Cargo transfer 
vehicles, 
a Docking end 
stowage pro- 
visions at each 
CF. 

e Cargo distribu- 
tion distances 
up to 40 In (25 
miles) round 
trip. 

a Fly with cargo 
vehicles to 
make the dock- 
ing maneuvers. 

a Remote control 
piloting of 
cargo vehicles. 

2.4 

Prefabricated 

Clenents 

- 

Some SPS elements will be manufactured and/or assem- 
bled at MF-1 and boosted In large packages to the 
SPS In GEO. 

e Docking and 
stowage provi- 
sions at each 
logistics fa- 
cility. 


a Direct partici- 
pation In dock- 
ing end unload- 
ing large cargo 

• Rmnote control 
and/or monitor- 
ing of docking 
and unloading. 

2.5 

Crew Exchanges 


Construction crews will be exchanged periodically 
depending on the extent of manned participation and 
the length of time the crews can stay In GEO, These 
times will depend on the degree of protection from 
radiation. 

e Manned orbit- 
transfer ve- 
hicle. 




3.0 

ASSEMBLE CONSTRUC* 
TION BASE (GEO) 


The construction of the SPS starts with all SECS con- 
struction facilities Joined at the SPS hub and the 
MPTS construction facilities attached at the out- 
board ends of structure from CF-5 and CF-6. 

1 




3.1 

Construct Hub (CF- 


CF-l will construct the SPS column hub. The hub 
will contain truss stubs to which the other facili- 
ties will be attached. 

e Same as 1.1 
e Basic CF-l 
equipment ap- 
pears Suffic- 
ient to enable 
building the 
hub structure. 

a Same as 1.1 
e Truss stubs 
will be Instal- 
led after the 
column hat 
cleared the 
facility. 

a Same ts l.l 

c Seme as 1.1 
* 

3.2 

3.3 

Start Column Con- 
struction (CF-2 
thru CF-6) 

Dock CF-2 thru CF- 
6 to Hub (at Truss 
Stubs) 


Prior to Joining the facilities, the construction of 
the columns will be started In each facility. When 
the columns reach the point of protruding from the 
facilities, they will be docked and Joined to the 
hub built by CF-l. 

a Same construc- 
tion equipment 
a Capability to 
hold facili- 
ties together 
while contact 
points ere 
Joined. 




3.4 

Dock CF-7 1 CF-8 


Coluan structure will also be built at the outboard 
ends of CF-5 and CF-6 to provide attachment points 
for the MPTS attachment structures. These column- 
structures will be attached to the CF-5 and CF-6 
facility structure. CF-7 and CF-8 will be docked 




L 
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Table 3. 3. 1-1 (Continued) 





EQUIPMENT 

REQUIREMENTS 

NISCELLANECNIS 

REOUIREHENTS 

KAN'S ROLE 

■ — - 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size. Et;) 

MAXIMUM 
USE OF KAN 

MINIMUM 
USE OF MAN 

3.4 (Continued) 


and attached to the sides of these column extension 
structures. Therefore, these structures must be 
able to take side loads also (no longer only compres- 
sion as with the SECS main column use). 





4.0 CONSTRUCT SPS 







4.1 Construct SECS 


CF-1 thru CF-6 build the SECS. CF-1 and CF-3 build 
the main cable support columns, perpendicular to 
the solar arrays. CF-2, -4, -5 and -6 build the 
solar array support columns. Installation of all 
SECS elements take place 1n the vicinity of the 
facilities. As assembly takes place, all facilities 
progressively move further apart. 

i 




4.1.1 Build continuous 
columns (6 
pieces] 

4. 1.1.1 Build trusses 

4. 1.1.2 Assemble trus- 
ses to extend 
columns 


Fabricators in each facility will build triangular 
beams (2.45 m on a side) that are 100 m long. These 
beams will be assembled to form the continuous SECS 
columns (100 m on a side). After each 100 m segment 
is assembled, the facility Is moved outward from the 
SPS center. Then the procedure Is repeated to build 
the next 100 m column segment In the empty facility 
bay. 

e Capability to 
fabricate 2.45 
X 100 m (8 X 
328 ft) beams 
and assemble 
these Into the 
100 m wide col- 
umns. 

1 Beams will span 
100 meters. 

Beam mass Is 
~36 kg (80 lbs), 
t Beams are Joined 
by probe and 
drogue centrol- 
dal node Joints. 

• Hake connec- 
tions between 
beams to assem-' 
ble the columns 

e Resupply the 
beam fabrica- 
tors. 

• Perform on-sItS 
monitoring of 

' beams to ensure 
alignments. 

e Work-site di- 
rect operation 
of manlpulatorh 

• Kaintenanee. 

• Remote control 
of constructlor 
equipment. 

c Systems moni- 
toring. 

0 Fabricator re- 
supply from 
shirtsleeve en- 
vironment. 

• Maintenance. 

4.1.2 Instell cable 
•ystans 

- 

Cable systems inalntaln the rigidity of the SECS. 

Main cables between the facilities maintain the col- 
umns In compression. Cables from CF-1 and CF-3 to 
the solar arrays provide the prime support for the 
arrays. Secondary cables (tapes) in a grid pattern 
also support the solar arrays (top and bottom). 

These secondary cables are attached between the SECS 
columns and peripheral tension cables between facil- 
ities. Submain cables Interconnect the columns at 
3600 meter increments. 





4. 1.2.1 Attach and de- 
ploy main cab- 
Us between 
CFi 


When the facilities are Joined at the hub, cables 
are attached from CF-1 and from CF-3 to each of the 
other 4 facilities. These cables are fed out from 
CF-1 and CF-3 as required, as the SECS expands. 

The cables are maintained at 3000 Newtons tension 
(675 lbs). The submain cables are permanently at- 
tached and tensioned when the 3600 meter distances 
are reached on the columns. 

a Main cable de- 
ployment and 
tensioning 
reels (8). 
e Capability to 
attach main 
cables betwe- 
en facilities 
mil Mims 

e Cable lengths 
are about 16,3 
and 20.5 be 
(10.1 and 12.7 
miles) 

e Direct attach-^ 
ment of cable 
ends. 

• Operation of 
reels when fa- 
cilities are 
moved at each 
100 m incre- 
ment. 

e Remote control 
attachment of 
cables. 

.# Periodic In- 
spection and 
lervicino of 
automated reel 


! 





Tahte 3. 3. 1-1 (Continued) 


TASKS 


4. 1.2.2 


4 . 1.2.3 


Attach and de> 
ploy peripheral 
tension cables 


Attach and de- 
ploy solar-cell 
support prime 
cables 


4.1. 2.4 


Attach secon- 
dary tapes to 
SECS columns 
and peripheral 
cables 


4. 1.2.5 


Tension Indiv- 
idual cables 
(as required) 


TASK DISCUSSION 


Peripheral cables are attached between CF-2 and CF-5, 
CF-2 and CF-6, CF-3 and CF-5, and Cr-3 and CF-6. 

There are two cables at each place. The top (sun- 
side) cable pulls on the top secondary SECS support 
tapes. The bottom cable pulls on the bottom (anti- 
sun) secondary tapes. These cables are attached at 
CF-5 and CF-6 and fed out as required from CF-2 and 
CF-4. The cables are maintained at 3000 N tension. 

Prime SECS support cables are attached at the cornersj 
of alternate square kilometers of the solar arrays. 
These four cables (3 at some places at the edge of 
the SECS) join and a single cable continues to CF-1 
and CF-3. These cables (36 sets) are Initially de- 
ployed from CF-1 and CF-3 and the ends are carried 
alonq by CF-2 and CF-4. When the appropriate solar 
cell packages are Installed, the corresponding prime 
cables are attached to the secondary tapes. 


As the SECS Is assembled In the +X direction (CF-2 
and -4), the longitudinal tapes T+T) are Installed 
between the +X column and the perTpheral cable. The 
Installation Includes reels Installed each 200 
meters on the top of the column for the top (sun- 
side) tapes and reels each 100 meters on the bottom. 
Each reel contains the required length of tape to 
provide the necessary final SECS configuration. 

All secondary tapes for the +X directions are In- 
stalled at the hub during initial operations. These 
tapes are attached betwan the hub and the +X facil- 
ities (CF-2 and CF-4). Again reels are use? to al- 
low the tapes to extend as the +X dimension Increase 
Periodically, the tape ends are attached to the per- 
ipheral cable such that In the final deployed posi- 
tion, the tapes are 200 meters apart. Tapes are 
provided on both the sun and anti-sun sides. The 
reels are allowed to move along the columns as 
the structure expands In the +Y direction. 

The secondary tapes will be automatically maintained 
at 22 H tension by the reels. However, the prime, 
peripheral and main cable reels will be released (in 
pairs) when the facilities are moved outwards In 
100 meter Increments. When the facilities reach the 
next position, the cables will be retensioned and 
locked up. Thus, disturbances to the structure will 
result In loading up a cable and the return of the 
ructure to the neutral (equal cable tension) posl- 
oat. 


EQUIPKEHT 

REqUIREHENTS 


il 


Peripheral ca- 
ble deployment 
and tensioning 
reels (4 eac:. 
at CF-2 and 
CF-4). 


e Prime cable de^ 
ployment and 
tensioning 
reels (36 each 
at CF-1 and 
CF-3). : 

• Capability to 
attach prime 
cable ends to 
SECS packages. 

• Secondary tape 
deployment and 
tensioning 
reels for the 
♦Y direction 
1350 reels). 


t Secondary tape 
deployment and 
t&nslonlng 
reels fo- the 
♦X dli.'ctlon 
X480 reals). 


Tension read- 
out measure- 
ments on the 
prime, per- 
ipheral and 
main cable 
reels. 


miscellaneous 

REQUIREMENTS 

(Hass, Distance, 
Size, Etc) 


Cable lengths 
are about 19 km 
(12 miles each). 


Prime cable de- 
ployed lengths 
are up to 15.5 
km (9.6 miles). 


Tape lengths 
(+Y) from 1.4 
to 14.4 km. 
Reels automat- 
ically tension- 
ed to 22 N (5 
lbs). 


Tape lengths 
(+X) from 0.6 
to 7.0 kn. 

Reels automat- 
ically tension- 
ed to 22 N U 
Ibt). 


HAN'S ROLE 


MAXIMUM 
USE OF MAN 


Direct attach- 
ment of cable 
ends. 

Operation of 
reels. 


Direct attach- 
ment of cable 
ends. 

Operation of 
reels. 


Direct attach- 
ment of tapes 
to peripheral 
cables. 

Direct Instal- 
lation of tape 
reels. 

Movement of 
tape reels 
along fY 
column?. 


NINIHUH 
USE OF MAN 


Operation of 
reels for un- 
lock and re- 
tensioning of 
cables. 


Remote control 
attachment of 
cables. 

Periodic Inspec 
tion and Ser- 
vicing of auto- 
matic reels. 


Remote control 
attachment of 
cables. 

Periodic Inspec-j 
tion and servici 
Ing of automatlq 
reels. 


Ramota control 
attachMtnt of 
tapes and reels 


Initiate reel 
operations from 
central console 
(reels are autO' 
matically main- 
tained In bal- 
ance across the 
SPS) and stand- 
by for conting- 
encies. 
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Table S.Tul-l (Continued) 





EQUIPMENT 

REQUIREMENTS 

miscellaneous 

REOUIRFMENTS 

MAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Hass, Distance. 
Size. Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF HAN 

4.1.3 Install solar 

*nargy collection 
system (SECS) 


When CF-2 and CF-4 move outward (+X) 100 meters, a 
new set of solar cell packages or concentrator pack- 
ages are Installed. These packages are pleated and 
will be deployed by pull on the secondary tapes from 
the peripheral cable. The packages are 10 * 10 me- 
ters on the side and up to 8 meters In depth. The 
packages are Installed In rows of 10 to span the 100 
meter distances. 

e Capability to 
move packages 
to the instal- 
lation sites. 

• Package sizes 
10 X 10 X 8 m 
(33 X 33 X 26 
ft) 

• Weight: 
solar cells • 
48,000 kg 
(106,000 lbs) 
maximum pack- 
age. 

concentrators ■ 
-5000 kg (11,000 
lbs) maxlnun 
package 

• Direct attech- 
ment of SECS 
packages. 

e Remote control 
of construction 
equipment. 

4. 1.3.1 Attach pleated 
solar cell and 
concentrator 
packages at 
support columns 


The SECS packages (10 x 10 x 8 n) will be attachi^ 
at the column and by rings to the secondary tapes.'-. 
The rings allow relative movement of the tapes, as 
they are deployed. 

e Capability to 
attach the 
packages to 
' the column. 




4. 1.3.2 Attach packages 
to secondary 
tapes 



e Capability to 
hook the rings 
on the second- 
ary tapes. 




4. 1.3. 3 Attach prime 
cables to SECS 
packages 


The p’-lme cables will be carried outward with CF-2 
and CF-4. As the set of packages that fall at the 
corner of alternate square kilometers are Installed, 
one of the subprhie cables will be installed to the 
package ring. 

e Capability to 
move subprime 
cable from 
facility to 
package ring 
and attach It. 

* 

• Direct move- 
ment and at- 
tachment of 
cable. 

e Remote control 
of construc- 
tion equipment 

4.1,4 Install power 
distribution 

systa* 


The concentrator sheets (aluminum! ted) are assumed 
to conduct the power In the column/cable SPS since 
truss structure Is minimal. The solar cell pack- 
ages must be Interconnected electrically and con- 
nected electrically to the concentrator panels. The 
concentrator sections must also be electrically In- 
terconnected. These connections could be made at 
the construction facility but probably would be more 
adaptabli- to being made at tne time Of Installation 
on the main column. 

• Capability to 
electrically 
Interconnect 
solar cell and 
concentrator 
segments. 


a Direct connec- 
tions of solar 
cells and con- 
centrators. 

e Automatic ma- 
chines or de- 
vices to In- 
terconnect 
segments as 
they are de- 
ployed. 



Transition conductors between the concentrators and 
the conductor cables (peripheral cables) will be 
connected at the time of SECS package Installa- 
tions. 

• Capability to 
connect trans- 
ition conduc- 
tors to per- 
ipheral cables 


• Direct coniiec- 
tlons of con- 
ductors 

e Rennte control 
of construc- 
tion equip- 
ment. 
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Table 3. 3 >1-1 (Continued) 





EQUIPMENT 

REQUIR01ENTS 

MISCELLANEOUS 

RFOUIREHENTS 

HAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Mass. Distance. 
Size, Etc) 

MAXIMUM 
USE OF HAN 

HTNINIM 
USE OF KAN 

4.1.4 (Continued] 


The peripheral conductor cables (main bus) will be 
Interconnected and connected to the MPTS conductors 
after the SECS Is totally assembled. 

• Capability to 
connect periph- 
eral cables to 
MPTS conductors 


e Direct connec- 
tion of conduc- 
tors. 

a Remote control 
of construction 
equipment. 

4.1.5 Install auxiliary 
equipment 


All auxiliary equipment will be Installed at the ends 
of the main columns. It Is anticipated that CF con- 
struction equipment could hand''e the transfer and 
Installation of the auxiliary equipment to the column 
prior to removing the facilities. 





4.1.S.1 Attitude con- 
trol systems 

- 

MPO arc jet engines (48) used for attitude control. 

a Capability to 
Install systems 

e Total weight 

313.000 kg 
(Includes 

200.000 kg for 
1 year of pro- 
pellants) 

• Direct Instal- 
lation and con- 
nections of 
systaeis. 

a Remote control 
of construc- 
tion equipment. 

4. 1.5. 2 Instrumentation 
and communica- 
tions systems 


Systems Include computer, data management, and TTiC. 

e Capability to 
install system 

a Total weight 
4,000 kg. 



4. 1.5. 3 Counterweights 


Counterweights at the ends of the +Z column are ad- 
vantageous If the high-specific Impulse RCS cannot 
be developed. 

e Capability to 
transfer and 
Install large 
masses. 

a -5 X 10® kg 
each. 



4.2 Construct KPTS (2) 


An MPTS at each end of the +T column converts DC 
power to microwave energy and transmits It to earth. 
Each antenna contains 7854 10 m x 10 m subarrays on 
a supporting structure. Each subarray 1s an Inte- 
gral unit containing microwave generators (klystrons 
or amplltrons), a slotted waveguide front face and 
control electronics. 


e 1 km ola X 72 m 
depth (struc- 
ture) 





A ball Joint allows each antenna to be pointed as 
required toward the ground receiving antenna. CHGs 
under computer control are utilized to accomp- 
lish pointing. A counterweight system Is used to 
equalize moments of Inertia about all axes and elim- 
inates gravity gradient torques. 







Phase control, power distribution and pointing con- 
trol systems are Interconnected by electrical con- 
ductors or waveguides between subarrays or groups 
of subarrays for overall KPTS control. These systems 
are mounted within the antenna structure behind, 
the subarrays. 






K. 












^-■nr rikW^iif ’llMi'if’ T'r'-"^ 
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Table 3. 3.1-1 (Continued) 


TASK DISCUSSION 


4.2.1 Build HPTS sup- 
port structure 

4.2. 1.1 Build extension 
structure 

4. 2. 1.2 Build ball 
joint frame-to- 
support struc- 
ture interface 

4.2. 1.3 Install elec- 
trical conduc- 
tors (ball 
Joint frame to 
SECS) 


The MPTS extension support structure connects the 
antenna Itself "ith the main body of the SECS. Tnis 
structure Is made up of triangular beam sections. 
Interfacing structure between this extension struc- 
ture and the ball joint frame 1s also attached (ac- 
cOBinodates differences In geometry between ball joint 
frame and support structure). Electrical conductors 
which carry the DC power from the SECS over the ex- 
tension structure are also Installed at this time. 


4.2.2 Install ball 
Joint 

4.2. 2.1 Attach frame to 
support struc- 
ture 

4. 2.2. 2 Build support 
arms 

4. 2. 2. 3 Install elec- 
trical conduc- 
tors from framE 
to ball joint 
bus 

4.2.3 Assemble MPTS 
substructure 

4. 2. 3.1 Build first 
concentric 
ring 


The ball joint Is delivered to GEO as a unit and 
mechanical and electrical connections are accorap- j 
lisbed at the c'‘nstruction site. First, the ball I 
joint Is attached to the support structure Inter- 
face. Six support arms are built outward from the 
ball joint. (These arms provide attachment points 
for the first concentric ring of the main HPTS sub- 
structure: see step 4.2.3. 1.) Then electrical con- 
nections are made between the frame conductors 
(step 4.2. 1.3 above) and the ball joint power In-ut 
bus; additional connections are accomplished between i 
the joint 01 tput bus and the ball joint frame conduc' 
tors (which eventually connect to the HPTS itself). 
The ball j«<tnt is locked in place to prevent Inad- 
vertent rotation during HPTS construction. 

Fabrication and assembly of the HPTS structure be- 
gins after the ball joint is in place. The fabrica- 
tion facility is located at the base of the support 
structure (near the SECS construction facilities). 
Assembly is accomplished at the antenna site, work- 
ing from the center outward in concentric rings of 
•Structure. The first ring is a hexagon formed by 
six rectangular frames (65 m high x 130 m long). 
Frame members are triangular beams 4.3 m on each 
side. Six other frames are used to form six equil- 
ateral triangles within the ring. The six outside 
frames are attached to support arms assembled In 
step 4. 2. 2.2. Cables are attached to support each 
frame and to rlgldlae the hexagon formed by the 
frames. 
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Table S.2.1-2 (Continued) 


TASKS 


TASK DISCUSSION 

EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN'S ROLE 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF MAN 

4.2.3 - 4.2.3. 1 (Cont- 
Inutd) 

4.2.3.2 Install secon- 
dary structures 

4. 2.3.3 Build second 
concentric 
ring 

4. 2.3.4 Build third 
and fourth con- 
CMtrlc rings 


Secondary structures, fabricated and assembled at a 
separate location, are mounted on the top surface of 
the hexagon which constitutes the first concentric 
ring. These secondary structures are triangular 
(130 m On each side. 7 m In depth) and their inter- 
nal structure forms a rectangular grid on the top 
surface of the antenna. These structures are at- 
tached at three points to the main structure frames, 
and are delivered to the construction site folded up 
to be deployed as required for attachment. Deploy- 
ment Is automatic (I.e., popout). Six secondary 
structures are required for the first concentric 
ring of the antenna. Sui^face flatness Is measured 
and adjusted as required. 

Once the first concentric ring Is completed, assembly 
of the second concentric ring can begin. The same 
basic types of rectangular frame structure and sup- 
porting cables are utilized. Additional radial 
cables are used to tie the second ring to the first 
and, once the frame of the second ring is complete, 
circularize and rlgldlze the structure. As success- 
ive frames are attached to each other, and<1n1t1a1 
cable attachments made to the first ring, the Iricom- 
plete second ring must be supported and held In the 
proper position. 

Eighteen secondary structures are mounted to the top 
surface of the second concentric ring; these struc- 
tures are similar to those utilized for the first 
ring In that they "popout" for deployment and are 
attached at three points, but the shapes vary to 
acconinodate ring geometry. 

Additional rings are built outward of 18 and 24 
sides each, to achieve 1 Ion diameter. 

connect first 
ring to ball 
joint attach- 
ment beams. 

f Transport meth- 
od for secon- 
dary struc- 
tures. 

• Manipulator, 
attachment 
techniques. 

e Alignment meas- 
urement and 
adjustment 
technique. 

e Same as 4.2.3.] 
and 4. 2.3. 2. 

■ Support arms 
to hold second 
ring frames In 
place while 
mating frame Is 
attached and 
radial cables 
attached. 

e 4. 2.3.4 sane a< 
4.2.3.3 

1 Six secondary 
structures. 

- Dimensions 
(folded): T6D 
a»1200 kg (2640 
lbs each) 

a Triangular 
frames 130 m x 
65 m (12 re- 
quired), 
a Frame cables 
(24 required) 
-146 m long, 
a Radial cables 
(36 required) 

12 0 150 m each 
24 6 175 m each, 
a 18 secondary 
structures (2nd 
ring). 

a 3rd ring (18 
frames); 30 sec. 
structures; 36 
frame cables R 
146 m each; 48 
radial cables R 
175 m each; 12 
radial cables R 
150 m each, 
a 4th ring (24 
frames); 42 sec 
structures; 48 
frame cables 9 
146 m; 72 radia 
cables 9 175 m; 
^2 ggdlal cablei 

• Deployment of 
secondary 
structure, at- 
tachment of 
secondary 
structure to 
main frames 
using manipu- 
lators. 

• Direct control 
of flatness ad- 
Juitiaents. 

a Monitoring of 
secondary 
structure de- 
ployment; mon- 
itoring of 
attachment pra- 
cedure; 1nspK- 
tlon of surface 
flatness. 

• 
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Table 3. 3. 1-2 (Continued) 


TASKS 



EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

HAN'S ROLE 


TASK DISCUSSION 

(Hass, Distance, 
Size, Etc) 

KAXIHUH 
USE OF HAN 

KINIHUH 
USE OF HAN 

4.2.4 Install subarrays 

4.2.4. 1 Fabricate sub- 
arrays 

4. 2. 4. 2 Haunt subarrays 
on antenna sec- 
ondary struc- 
ture 

- 

Subarrays (10 m x 10 m ea) are nonstructural elements 
which contain the power conversion and transmission 
equipment. Each antenna contains 7854 subarrays, 
which are mounted on the top surface of the secondary 
structure. 

The subarrays are fabricated in a separate facility 
(HF-1) and transported to the antenna construction 
site. Each subarray contains microwave generators 
(klystrons or ampli irons), a waveguide system for 
phase control, power distribution system wiring and 
an electronics package, all mounted beneath the 
slotted waveguide front face through which the micro- 
wave energy is transmitted. 

The subarrays are attached to the secondary structure 
at three points. They can be mounted as each con- 
centric ring is completed or iimediately after each 
secondary structure is installed (before other sec- 
ondary structures are ih place), or subarray instal- 
lation can be accomplished after the entire antenna 
structure is complete. 

• Transfer methoc 
for subarrays 
from fab facil- 
ity to second- 
ary structure 
surface. 

• Attachment 
technique. 

c 7854 10 m X 10 
m subarrays. 
156 to 240 Ig 
(343 to 528 
lbs) per sub- 
array. 

a Attachment of 
individual sub- 
arrays to sec- 
ondary struc- 
ture. 

e On-site Inspec- 
tion, monitor- 
ing. 

fl Remote inspec- 
tion. 

4.2.5 Install phase 
control system 

4.2.5. 1 Interconnect 
electronics 
packages be- 
tween subarray' 


Since each microwavR generator acts as a separate 
radio transmitter, phase information must be avail- 
able to each generator so that system efficiencies 
are optimized. This is accomplished via an RF sig- 
nal sent from the ground to the HPTS, which is 
transferred through the subarrays to each microwave 
generator. 

For phase control , the subarrays are interconnected 
in series, with 8 to 16 subarrays per group. The 
subarrays in each group are connected electrically 
(waveguides or wires). This interconnection is 
accomplished through the electronics packages, and 
can be done at any time after the subarrays in any 
concentric ring are mounted on the secondary struc- 
ture or after all subarrays are mounted in the MPTS. 

• Electrical con 
ductor connec- 
tions between 
subarrays 
(waveguides or 
wire connec- 
tors). 

a Electrical con- 
ductor length 
In 10 ■ incra- 
nents. 

• 

e On-site place- 
• me.nt and at- 
tachment of 
conductors be- 
tween elect- 
ronics pack- 
ages. 

e Remote inspec- 
tion of connec- 
tions. 

4. 2.5.2 Install RF 
lines from 
reference sub- 
arrays to sub- 
array groups 


Tri order to bring the phase control signal sent from 
the ground and received at the center of the antenna 
to the subarray groups (-700) over the HPTS surface, 
RF lines (—700 transmission lines) are routed from j 
the antenna center to the’first subarray in each’ 
subarray group. 

These lines can be attached at the antenna center 
as soon as the first concentric circle (with sofa- 
arrays) is complete and the connections can be 

• RF transmis- 
sion line at- 
tachment 
mechanism. 

. — ' 

e— 700 RF trans- 
mission lines, 
max length ■ 
500 m. 

e Placement and 
attachment of 
lines to sub- 
arrays (both 
tides). 

e Attacfment of 
lines at sub- 
array end, 
after initial 
attachment of 
lines as part 
of that sub- 
array group 
fabrication. 
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Table 3. 3. 1-2 (Continued) 


TASKS 


TASK DISCUSSION 

EQUIPHENT 

REQUIREHENTS 

HISCELLANEOUS 

REOUtREHENTS 

HAN'S ROLE 

(Mass, Distance, 
Size, Etc) 

MAXIHUH 
USE OF HAN 

MINIHUH 
USE OF HAN 

4. 2. 5. 2 (Continued) 


completed as soon as the outer subarray groups are 







placed. Alternately, the transmission lines can be 







attached as a single task after all subarrays have 







been mounted In the HPTS. 





4.2.6 Install power 


The microwave energy transmitted to earth from the 

e Transfer tech- 

e 16 switch gears 

e Installation 

a Monitoring/ 

distribution 


HPTS Is that energy collected by the SECS, transfer- 

nique to carry 

2000 kg (4400 

and attachment 

Inspection of 

system 


red to the HPTS as DC power over the ball Joint and 

switch gears to 

lbs) each. 

of switch gears 

wiring connec- 



distributed to each microwave generator. Each sub- 

antenna. 

e Conductor 

a Installation 

tions, -switch 

4.2.6, 1 Install switch 


array, as mounted In the secondary structure (step 

e Electrical con- 

length switch 

and attachment 

gear attach- 

gears 


4. 2. 4. 2), contains the wiring for power distribution 

ductor attach- 

gears to ball 

of wiring from 

aunts. 



from the electronics package within the subarray to 

ment method. 

joint bus; 4 B 

switch gears tc 


4. 2. 6. 2 Attach e1ec- 


each microwave generator. 


-*600 m; 4 0“* 

ball Joint bus. 


trical conduc- 




500 m; 4 0-*4OO 

e Installation 


tors from ball 


Sixteen switch gears are required, mounted in two 


m; 4 0**3OO m. 

and attachment 


joint bus to 


rows of eight along the antenna axis, as the inter- 


e Conductor 

of wiring to 


switch gears 


face between the power from the SECS and the Individ- 


length switch 

d1st. pts. 




ual subarrays. These switch gears are attached to 


gears to dist. 

a Installation 


4. 2. 6.3 Install elec- 


the antenna structure within the secondary structure. 


pts (main lat- 

and attachment 


trical conduc- 




eral path); 

of wiring be- 


tors from 


Electrical conductors are then attached from the 


4 0 500 m; 4 » 

tween subtrrays 


switch gears to 


switch gears to the ball Joint bus (4. 2. 2. 3). These 


400 m; 4 0 300 



distribution 


lines would be placed along the antenna structure 


m; 4 0 200 m; 



points 


radially to the antenna center, then axially (eleva- 


plus •>1000 





tion Joint axis) to the ball Joint bus. 


wires avg 



4. 2. 6. 4 Install elec- 




length 100 m. 



trical conduc- 


Electrical conductors are also placed ’aterally from 


• Intersubarray 



tors at dis- 


each switch gear to distribution points In-each an- 


wiring 10 m 



tributlon 


tenna quadrant. Each switch gear services between 


Increments, max 



points between 


100 and 400 distribution points depending upon its 


length 30 m. 



subarrays 


locatioi. on the axis. Depending upon the distance 







from the antenna center, these distribution points 







transfer power to one, two, or four subarrays. Kir- 







ing between subarrays at such distribution points 







must also be placed. 




■ 

4.2.7 Build counter- 


Because the antenna structure 1$ relatively massive. 

• Support struc- 

e Support struc- 

e Support struc- 

e Inspection of 

weight system 


a counterweight system must be employed. Since the 

ture beam as- 

ture beams - 

ture assembly 

support struc- 



counterweight must be located on the side of the ball 

sembly and at- 

120 beams 0 

with nanipula- 

ture joints. 

4.2. 7.1 Build cone sup- 


Joint opposite the antenna mass, a cone-shaped sup- 

tachment. 

ISO m long ea; 

tors. 

e Monitoring of 

port structure 


port structure must be built. The support structure 

e Transfer of 

$.6 m trlangvi- 

e Placement of 

counterweight 



Is composed of 24 beams extending from the circurofer- 

counterweight. 

lar 

counterweight 

placement. 

4. 2. 7. 2 Fab/assemble 


ence of the antenna structure back to a single point. 



with aianlpula- 


counterweight 


The counterweight (Including the CHGs) must be sssem- 


^10® ka ( 2.7 k 

tor. 




bled at the apex of the cone. 


]n^ ihf) 



4. 2. 7. 3 Attach counter- 







weight at cone 







apex (Including 




a 



CMGs) 










KAN’S ROLE 


EQUtPKENT 

REQUIREMENTS 


4.2.8 Install pointing 
control system 

4. 2.8.1 Mount computer 
In antenna 
structure 

4. 2.8.2 InsUll Miring 


5.0 activate SPS 


5.1 Complete Column 
Attachments to the 
MPTS E’^tenslon 
Structure 

5.2 Final Alignments 


5.3 Activate Attitude 
Control Systems 


5.4 Orient SPS to POP 
and Solar Orienta- 
tion 

5.5 Unlock MPTS Joints, 
Activate CMGs, and 
Point HPTSs 


5.6 Checkout Subsystem 


A control signal sent from the ground to the MPTS Is 
used to measure pointing errors, and computer-control' 
led CMGs are used to correct such errors. The compu- 
ter Is mounted near the center of the antenna within 
the structure. Two control moment gyros (part of 
counterweight system, step 4.2.7) point the antenna. 
Finally, Interconnecting wiring between the CMGs and 
the computer, and between the computer and seven 
reference subarrays used to measure pointing errors 
roust be installed. 


• Equipment to 
transfer compu- 
ter to antenna 
and attach com- 
puter to struc- 
ture. 

e Equipment to 
transfer CMGs 
along antenna 
axis and attach 
CMGs to struc- 
ture. 

e Equipment to 
string and con- 
nect wiring be- 
tween CMGs , ref 
subarrays and 
pointing compu- 
ter. 


(Hass, Distance. 
Size, Etc) 


e Computer size - 
TBO. 

e CKGs-« 25,000 kg 
(55,000 lbs) 
each. 

e Wiring lengths 
3 8 •'75 n; 2 8 
*•200 n ; 2 
300 in. CMGs to 
computcr'«625 m. 


The following tasks are required to complete the con- 
struction activities and make the SPS operational. 

Portions of the CF-5 and CF-6 structures are left In 
place and permantently attached to the columns to 
provide a hard Joint with the MPTSs. 


Verify all alignments. Adjust main cables and per- • Laser sighting 
ipheral cables as required, to assure perpendicular- devices. 

Ity of main columns. Adjust prime cables, as requir- 
ed, to make solar arrays flat. 


MAXIMUM 
USE OF HAN 


Computer attach- • 
ment, installa- 
tion and attach- 
ment of CMGs. • 
Installation 
and connaction 
of wiring. 


MINIMUM 
USE OF KAN 


Inspection of 
electrical wir- 
ing connections 
Monitoring of 
computer and 
CrICS mounts. 


The attitude control systems will be activated and 
checked out. 


The SPS will be maneuvered to the desired orienta- 
tion. 


The MPTS Joints will be unlocked (see 4.2.2). The 
CMGs will be activated. The MPTSs will be pointed 
and the automatic steering control System will be 
activated. 

All SPS subsystems will ba checked out before and 
after activating the SPS power systems. 


e Systems CtD 
area In CF-1. 


a Systems moni- 
toring and con- 
trol. 

a Systems moni- 
toring and con- 
trol. 

e Systani Moni- 
toring and con- 
trol. 








Table 3.S.2~2 (Conaluded) 


TASKS 


TASK DISCUSSIOK 


! 5.7 


Dttach and Remove 

Construction 

Facllltlas 


After the SPS Is operational and verifications are 
complete, the constructio/; facilities are removed and 
maneuver^ to other construction sites. 




EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

HAN'S ROLE 

(Hass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF HAN 

HINIMliM 
USE OF MAN 

a Capability to 
disassemble 
facilities as 
required. 

• 

e Direct disass- 
embly activi- 
ties. 

• Remote control 
of constructloi 
equipment. 

< 


% 



* 

. « 

- . 



• 






COLUHN/CABLC SPS 
CONSTIOJCTION STEPS 


MONTHS FROM START 


10 


n 


12 


13 


14 


15 


1.0 


2.0 


13.0 


14.0 


s.o 


assemble construction FACILITIES (LEO) 

1.1 Construct CF-1 (IMF + LF + H + CF) 

1.2 Construct CF-2 thru CF-6 (H + CF for 
SECS) 

1.3 Construct CF-3 (LF + H + CF for SECS) 

1.4 Construct CF-7 & CF-8 (LF + H + CF 
for HPTS) 

1.5 Construct MF-1 (LEO Mfg Facility) 

BOOST ELEMENTS TO GEO 

2.1 Construction Facilities 

2.2 Manned Modules 

2.3 Material s/Consumables 

2.4 Prefab Elements (from MF-1) 

2.5 Crew Exchanges 

ASSEMBLE CONSTRUCTION BASE (GEO) 

3.1 Construct Hub (CF-1) 

3.2 Start Column Construction (CF-2 thru 
CF-8) 

3.3 Dock CF-2 thru CF-6 to Hub 

3.4 Dock CF-7 and CF-8 

CONSTRUCT 

4.1 Construct SECS ' 

4.1.1 Build Continuous Columns (6) 
Install Cable Systems 
Install Solar Collection Sys- 
tem 

Install Power Distribution 
System 

Install Auxiliary Equipment 

Construct HPTS (2) 

4.2.1 Build Support Structure 
Install Ball Joint 
Assemble Substructure 
Install Subarrays 
Install Phase Control System 
Install Power Distribution 
System 

Build Counterweight System 
Install Pointing Control Sys- 
tem 


4.2 


4.1.2 

4.1.3 

4.1.4 

4.1.5 


4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6 

4.2.7 

4.2.8 


ACTIVATE SPS 

5.1 Complete Column Attachment to MPTS 

5.2 Final Alignments 

5.3 Activate Attitude Control Systems 

5.4 Orient SPS 

5.5 Unlock MPTS, Activate CMGs, Point 
HPTS 

5.6 Checkout Subsystems 

5.7 Detach and Remove Construction Facil- 
ities 


As Required 
As Required 


Figure 3. 3.1-8 Colimn/Cdble SPS Construotion Timelines 
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3. 3. 2 Solai* Photovottaia Truss-Tupe SPS 


3,3.2. 1 Overview - The JSC concept of the truss configuration (T) SPS is 
presented in Figure 3. 3. 2-1. The support structure is comprised of four main 
longitudinal trusses, connected by transverse beams. The longitudinal trusses 
are 650-meter wide triangular trusses assembled from 10-meter wide triangular 
beams. The SECS is comprised of 650-meter wide solar cell panels and alumin- 
ized concentrator sheets (Figure 3. 3. 2-2). Electrical power is transmitted 
from each half of the SECS, through the concentrators, to power distribution 
cables at the end walls, and then to an MPTS at each end of the SPS. 

3. 3. 2. 2 Construation Activities - The baseline construction method for 
the truss SPS assumes the main support trusses are assembled in segments in the 
outboard bays of the construction facility, similar to the method discussed 
for the C/C SPS. A facility concept is shown in Figure 3. 3. 2-3. The solar 
cells and concentrators are installed as the completed structure is moved out 
of the facility. Figure 3. 3. 2-4 presents an Inboard view of the facility 
showing the SECS Installers. The solar-cell and concentrator strips are 
mechanically and electrically connected by automatic zipper systems. Top 
transverse beams are installed after the appropriate truss attachment points 
have cleared the facility. 


DIHENSIDIK 

HHERS "■ 
IFEEI) 



Figure 3. 3. 2-1 Truss Type SPS 
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Again cenCxoldal node jolnta are assumed for joining the beams and the 
facility serves as the jig to aid In aligning the SECS trusses • 

Simultaneous with SECS construction, the MPTSs are constructed by Independ- 
ent equipment and facilities at the outboard ends of the SECS structure 
(Figure 3. 3. 2-5). 

Initially the MPTS extension structure at the facility end will be 
attached to the facility structure. When SECS construction Is completed, this 
structure will be spliced to the SECS end-wall structure. 

For the same reasons as for the C/C SPS, the truss SPS is also assumed 
constructed In GEO, with the facility constructed In LEO. Also, the construc- 
tion facility can be separated and maneuvered to another site after the system 
is operational. 

The functional analysis and construction schedule for the truss type SPS 
are presented in Table 3. 3.2-1 and Figure 3. 3. 2-6, respectively. Approximately 
60 different construction steps are Identified, and over 50 specific equipment 
requirements were established. These equipment requirements may Include logis- 
tics, construction equipment, or construction support equipment. Other miscel- 
laneous requirements Identified In the table may also encompass these categories 
of equipment. The maximum and minimum potential uses of man during construction 
and assembly are also described. 

3, 3. 2, 3 Truss Alt&pnate - An alternate to the baseline truss construction 
method Is to continuously extrude the longitudinal trusses and automatically 
Install the lateral and transverse beams and cross-bracing tension cables. 

This method Increases automation features, at the expense of complexity. The 
method of Incremental assembly of the truss segments was selected as baseline 
since the time of assembling these segments and moving the facility would be 
relatively small compared to the time for fabricating the beams. The construc- 
tion equipment required would be much simpler and more common to anticipated 
equipment required for other tasks, as well as for tasks In other large system 
concepts. The ’’continuous” construction method would have problems of accurate 
placement of side members while the structure Is moving. Also, there would be 
problems of splicing In beams when the stock material must be resupplied In 
the fabricators. 
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Table 3. 3. 2-1 Truss Type SPS Construction - Funetional Analysis 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

BEOUIREHENTS 

MAN'S ROLE | 

TASKS 


TASK DISCUSSION 

(Mass.' 01 stance. 
Size, Etc) 

MAXIMUM 
USE OF HAN 

MINIMUM 
USE OF MAN 

1.0 ASSEMBLE CONSTRUC- 
TION FACILITIES 
<LE0! 


■ ' — 1 . 

One large facility will be constructed in LEO and 
boosted to GEG for subsequent construction of the SPS. 
The facility will Include a large frame structure that 
Is approximately 5200 meters long, 564 meters high, 
and 1300 meters wide (3.22 x 0.35 x 0.81 miles). 

The following construction equipment will be Instal- 
led in the facility frame: 

a beam builders (32) 

« solar cell blanket Installers (4) 
a concentrator Installers (8) 
a tension cable Installers (30) 

• power distribution harness Installers (4) 







In addition, a separate manufacturing facility will 
be assembled, and maintained, In LEO for assembling 
SPS elements too large for direct launch from earth; 
e.g, , HPTS subarrays, solar cell and concentrator 
rolls, etc. 





1.1 Build Facility 
StnjcturB 

1.1.1 Launch construc- 
tion base Mtth 
beam fabricator 

1.1.2 Install construc- 
tion equipment 


The construction facility will be initiated with the 
launch of a construction base with equipment to manu- 
facture triangular beams that are 10 meters (32.8 
feet) on a side. This base will become the integra- 
tion management and logistics facility (IMF + LF) 
during SPS construction. 

Construction equipment will be launched and Installed 
on the forward base module. These will be used in 
taking fabricated beams and assembling the large 
facility frame. As portions of the facility are 
built, the SPS beam builders will be Installed (step 
1.2.1). These will then participate In accelerating 
the construction of the facility. Similarly, addi- 
tional equipment will be Installed and used In the 
facility assembly. 

• Construction 
base ' 

• Docking provi- 
sions are re- 
quired for sub- 
sequent resupplyi 
vehicles (mat- 
erials, consum- 
ables. etc). 

\ 


1.1.3 Build beams 


The s^me beam configuration used In the SPS construc- 
tion xill be used to assemble the facility frame. 

This .enables using the SPS beam builders to build 
the facility. 

• Capabll Ity to 
build beams 
that are 10 m 
(32.8 feet) on 
a side. The 
beam lengths 
are €50 m (2130 
feet). 


• - 

• Remote control 
and monitoring 
of fabrication, 
e Fabricator re- 
supply 

a Halntenanca 

1.1.4 Assemble facili- 
ty. frame 


The fabricated beams will be assembled to form the 
facility frame. Construction equipment required to 
assemble the facility may be different than that to 
build the SPS. 

• Capability to 
assemble the 
facility 

e Facility beams 
will span dis- 
tances up to 
650 m (2130 ft) 

e Make connec- 
tions between 
beams * 

e Perform on-wlte 

e Remote control' 
of OCSE 

e Systems remote 
monitoring 



Table 3. 2.2-2 (Continued) 






EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REOlllREHENTS 

HAN'S ROLE 




TASK DISCUSSION 

(Hass, Distance, 
Size, Etc) 

MAXIMUM ■ 
USE OF MAN 

MINIMUM 
USE OF MAN 

1.1.4 

(Continued) 




• Beam masses are 
up to—637 kg 
(1840 lbs) 

• Beam Joining 
methods are as- 
sumed to be the 
centroidal Mde 
joi nt. 

monitoring to 
ensure align- 
ments. 

• On-site opera- 
tion of manipu- 
lators, like 
earth-operation 
of cranes 

e Maintenance 

• Maintenance 

1.2 Install Facility 
Equlptnent 







1.2.1 

Launch and In- 
stall beair 
builders (32) 


As the facility frame is assembled, the SPS beam 
builders will be docked and installed into the 
facility. 

• Beam builders 
will Include 
manned habit- 
ats and resup- 
ply vehicle 
docking provi- 
sions 

• Beam builders 
will build 
beams 10 m on a 
side and up to 
650 m long 

• Direct partici- 
pation in inst- 
alling builders 

• Remote control 
of construction 
equipment 

1.2.2 

Launch and In- 
stall solar cell 
blanket (4) and 
concentrator (B) 
Ins tallers 


These equipment items will be docked and Installed 
when the facility is completed. 

• Capability to 
install instal- 
lers in facili- 
ty 

c Installers span 
650 m. 

a Solar cell , 
rolls- 7 X 10® 
kg total. 

• Solar concen 
trator rolls 
-7 X 105 kg 
total , 

• Direct partici- 
pation in in- 
stalling build- 
ers. 

• Remote control 
of construction 
equipment 

1.2.3 

Launch and In- 
stall tension 
cable Instal- 
lers (30) 


These installers will be unique to the SPS construc- 
tion and therefore will also be Installed after the 
facility is completed. 

• Capability to 
install tension 
cable instal- 
lers 


• Direct partici- 
pation in in- 
stalling in- 
stallers. 

• Remote control 
of construction 
equipment 

1.2.4 

Launch and In- 
stall power dis- 
tribution har- 
ness installers 


These installers will be installed after the facil- 
ity is completed. 

• Capability to 
install har- 
ness installers 

e Height and size 
TBD 

a Direct partici- 
pation in in- 
stalling in- 
stallers 

• Remote control 
of construction 
equipment 

1.2.5 

Launch and in- 
stall auxiliary 
equipment 


Auxiliary equipment required to transfer the facili- 
ty to geosynchronous orbit (GEO) will include propul- 
sion modules, guidance and navigation systems, and 
attitude control. The same equipment will be used 
to stabilize the SPS/facility during the early con- 
struction phase. 

• Capability to 
install auxil- 
iary equipment 

• TBD 

• Direct partici- 
pation in in- 
stalling equip- 
ment 

• Remote control 
of construction 
equipment 
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Tcible 3, 3. 2-1 (Continued) 


TASKS 


1.3 Assemble Manufac- 
turing Facility 

1.3.1 Launch facility 
modules 

1.3.2 Launch and In- 
stall facility 
equipment . 

1.3.3 Build facility 


2.0 BOOST ELEMENTS TO 
GEO 

2.1 Construction Facil 
Ity 

2.2 Manned Modules 

2.3 Materlals/Consum- 
ables 


2.4 Prefabricated 
Elements 


2.5 CreM Exchanges 


3.0 CONSTRUCT SPS 

3.1 Construct SECS 


TASK DISCUSSION 


The manufacturing facility will be maintained In LEO 
and will manufacture/assemble SPS elements that are 
too large for direct earth launch. The facility will 
contain a habitat for crewmen, factory-type facility 
for assembly operations and/or manufacturing, materiat 
stowage area, doching provisions for resupply vehicle^ 
and propellant servicing facilities for orblt-to- 
orblt vehicles. 


The construction facility will be transferred to GEO. 
The construction crews will follow to GEO In manned 
modules. These will dock to the beam builder 
facilities. 

Materials and consumables will be boosted to GEO as 
required. These will dock at the logistics facility. 
From there, smaller transfer vehicles will distribute 
the commodities to the beam builder facilities. 


Some SPS elements will be manufactured and/or assem- 
bled at the manufacturing facility (in LEO) and 
boosted In large packages to the SPS In GEO. 


Construction crews will be exchanged periodically de- 
pending on the extent of manned participation and the 
length of time the crews can stay In GEO. These 
times will depend on the degree of protection from 
radiation. 


All SECS construction will occur within the construc- 
tion facility. The outboard end wall will be assem- 
bled. Then the longitudinal trusses will be con- 
structed. These are constructed by assembling and 
adding on segments that are 650 meters on each leg. 
These segments are strengthened by tension cables. 
Lateral beams across the structure, top and bottom, 
are periodically Installed. As the structure Is 


CQUIPHENT 

REQUIREMENTS 


Capability to 
assemble large 
habitable ve- 
hicle 

Fjctory-type 
eijUlpment for 
assembling/nan- 
ufacturlng 
specific SPS 
elements. 


Docking and 
crew transfer 
provisions 


Cargo transfer 

vehicles 

Docking 

stowage provi- 
sions at the LF 

Docking and 
stowage provi- 
sions at each 
facility 

Manned orbit- 
transfer ve- 
hicle. 


MISCELLANEOUS 

REQUIREMENTS 

(Mass,‘ Distance, 
Size, Etc) 


TBD 


e Cargo distribu- 
tion distances 
up to 5200 me- 
ters (3.2 miles 
round trip 


MAN'S 

ROLE 

MAXIMUM 

minimum 

USE OF HAN 

USE OF HAN 

• Hands-on assem- 

a Remote control 

bly of facility 

of factory op- 

and SPS ele- 

era t ions from 

ments 

shirtsleeve 

a Direct machine 

environment 

operation, re- 

a Monitoring of 

supply, and 

automated 

monitoring 

equipment 

• Maintenance 

a Machine resuppl: 
a Maintananca 

• Fly with cargo 

a Remote control 

vehicles to 

pilot of cargo 

make the dock- 
ing maneuvers 

vehicles 

a Direct particl- 

a Remote control 

patlon In dock- 

and/or monitor- 

Ing and unload- 

Ing of docking 

Ing large cargo 

end unloading 
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Table 3, 3.2-1 (Continued) 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

NAN'S ROLE 

TASKS 


TA'r ntSCUSSION 

(Hass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF HAN 

MINIMUM 
USE OF HAN 

3.1 (Continued) 


periodically moved out of the facility, solar cells, 
concentrators, and power distribution conductors are 
Installed. The entire SECS structure is completed by 
adding the inboard end wall. 





3.1.1 Build outboard 
end Mall 


The SECS end wall will be assembled at the outboard 
side of the construction facility. The wall is a 
planar structure made up of 15 equilateral triangles, 
6E'' 'aeters on a side. The beams over the solar cell 
troughs will be fabricated and transferred for In- 
stallation after clearing the facility. 

a Capability to 
fabricate 10 x 
650 m (33 x 
2130 feet) 
beams and as- 
semble wall 

e Beams will span 
distances up to 
650 meters 
a Beam masses are 
up to "-837 kg 
(1840 lbs) 
a Beam Joining 
methods are as- 
sumed to be the 
centroldal node 
joint. 

a Make connectloni 
between beams 

a Remote control 
of construction 
equipment 

3.1.2 Build longitud- 
inal trusses 


These trusses are fabricated in 13 beam builders. 
Alignment Is achieved by fit to the facility jig. 

e Capability to 
fabricate con- 
tinuous beams 
(10 m on a 
side) up to 
650 meters 


a Perform on-site 
monitoring and 
resupply of 
beam fabrica- 
tors 

a Maintenance 

a Remote monitor- 
ing 

a Maintenance 

3.1.3 Build and attach 
lateral trusses 


The lateral trusses are fabricated by 7 beam build- 
ers (3 on the bottom and 4 at the top). The beams 
are attached at each Intersection with longitudinal 
beams . 

a Capability to 
fabr1ca*'e beams 
10 m on the 
sides and 1300 
meters long 
(4 required) 


a Same as 3.1.2 
a Direct attach- 
ments between 
beams 

\ 

a Same as 3.1.2 
a Renote control 
of construc- 
tion equipment 

3.1.4 Build and attach 
side trusses 


At each 650 meter Increment on the longitudinal 
trusses, 8 side trusses are Install led between the 
longitudinal beams. This will In effect form con- 
tinuous coluTi.s (where the concentrators are in- 
stalled) that are 650 meters on each side. Beam 
builders fabricate and extrude the trusses in near 
vicinity to the attached location. 

e Capability to 
fabricate beams 
10 m on the 
sides and 650 
meters long. 

(8 required) 
e Capability to 
attach trusses. 

a Same as 3.1.1 

a Same as 3.1.3 

a Same as 3.1.3 

3.1.5 Attach diagonal 
tension cables 


After each 650 meter Increment of each column Is 
assembled, diagonal tension cables wlH be attached 
across the square areas. Similarly cables are 
strung across the areas at the bottom cf the solar 
cell trough. 

a Capability to 
extend cable 
across area 
and attach/ 
tension cables 

a Cable span 920 
meters (3000 
feet) 

a Direct attach- 
ment of cables 

• 

a Remote control 
of construction 
equipment 
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TaiLe 3. 3. 2-1 


( Continued) 


_ — 



— 

EQUIPMENT 

REQUIREMENTS 

miscellanecjs 

REOUIREMENTS 

MAN’S 

ROLE 


TASKS 

\ 


TASK DISCUSSION 

(Mass. Distance, 
Size. Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF HAN 

3.1.6 

Install concen- 
trator material 


As each 6S0 meter increment of SECS columns is moyed 
outward, t«e concentrator material is transferred 
from the rollers onto the columns at 8 places. The 
material is electrically connected to the solar cell 
blankets as it is unrolled (step 3.1,7). The mater- 
ial is mechanically attached to the column. 

e Capabil ity to 
attach the ma- 
terial to the 
columns, 
a Capability to 
connect the ma- 
terial to the 
solar cell 
blanket 

• Total concentra- 
tor material in- 
stalled is 7.15 
X 1Q5 kg per 
location (1.57 
X 10° lbs). 
Concentrator 
rolls will be 
resupplied per- 
iodically. 

• Resupply of 
concentrator 
material . 

• Hake initial 
and splicing 
connections. 

• Remote control 
Of replacement 
of rolls 

• iaintenance of 
rollers and 
attachment 
mechanisms. 

3.1.7 

Install solar 
cell blankets 

' 

As each 650 meter increment of SECS columns is 
moved outward, the solar cell blanket is transferred 
from the rollers and attached to the lower column 
trusses at 4 places. The blankets are attached 
electrically to the concentrators and mechanically 
to the trusses. 

e Capability to 
attach the 
blankets to 
the column 
trusses, 
e Capability to 
attach the 
blankets to 
the concentra- 
tors 

• Total solar 
cell material 
per location is 
7.15 X 1Q6 kg 
(15.7 X 10^ 
lbs). Blanket 
rolls will be 
resupplied per- 
iodically. 

• Resupply of 
solar cell 
blanket rolls 

• Hake Initial 
and splicing 
connections 

a Remote control 
of repl acement 
of rolls, 
a Maintenance of 
rollers and 
attachment 
mechanisms 

3.1.8 

Install power 

distribution 

system 


The main power distribution mode is assumed through 
the aluminurized concentrators. Additional conduc- 
tors are needed to carry electrical power from each 
half of the SECS to the respective HPTSs. The con- 
ductor system for the outboard MPTS will be instal- 
led when the outboard end wall is completed. Con- 
nections to the concentrators will be made when the 
first sections of concentrators are installed. 
Similarly, the Inboard conductor system 1s installed 
after the SECS structure is completed. Also, conduc 
tor splices will be made when concentrator material 
is resupplied. Appropriate switching equipment is 
required for circuit controls. 

e Capability to 
install conduc 
tor cable sys- 
tems in end 
wall and at- 
tach the con- 
ductors to the 
concentrators 

• Capability to 
electrically 
and mechanic- 
ally splice 
concentrator 
material 

• Capability to 
install 
switching 
equipment 

e Total length 
of conductor 
cabl es at each 
end wall is 
"10,400 meters 
(34,100 feet) 
e Cable size is 
12 cm dia. 

Mass {s>w3i kg/ 

ID. 

• Attachment of 
conductor ca- 
bles to con- 
centrators 

• Attachment of 
cables to 
structure 

• Attach switch- 
ing equipment 

• Make connec- 
tions at 
switching 
equipment 

• Make electric- 
al and mech- 
anical splices 
in conce.ntra- 
tor material 

a Remote control 
of equipment 
for installing 
conductor 
cabl as 

3.1.9 

Build inboard 
end wall 


Similar to 3.1.1 



- 


3.1.10 

Attach MPTS to 
Inboard end 
wall 


When the inboard end wall is completed, the MPTS 
extension support structure will be spliced to the 
end wall by attaching end wall to portions of facil- 
ity structure. 



a Maka struc- 
tural attach- 
ment! 

a Remota control 
of construc- 
tion aqutpntnt 
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Table 3, 3. 2-1 (Continued) 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

HAN'S 

ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF HAN 

3.1.11 Install auxili- 
ary equipment 


All auxiliary equipment will be installed on the SECS 
within the construction facility, as applicable. 
Therefore, construction equipment may be compatible. 





3.1.11.1 Attitude con- 
trol systems 


MPD arc jet engines are assuned distributed about the 
edges of the SECS structure. 

• Capability to 
install propul' 
Sion modules 
and associated 
control circui- 
try. 

a Total weight 
355,000 kg (in- 
cludes 200,000 
kg for 1 year of 
propellants) 66 
engines assumed 

0 Direct instal- 
lation and 
connections of 
systems . 

1 Remote control 
of construction 
equipment 

k» 

3.1.11.2 Instrumenta- 
tion and com- 
munications 
systems 

- 

Systems include computer, data management, and TTAC. 

• Capability to 
install systems 

a Total weight 
••4,000 kg 



3.2 Construct HPTS (2) 


An HPTS at each end of the SECS structure converts 
DC power to microwave energy and transmits it to 
earth. Each antenna contains 7854 10 m x 10 ra sub- 
arrays on a supporting structure. Each subarray is 
an integral unit containing microwave generators 
(klystrons or amplitrons}, a slotted waveguide front 
face and control electronics. 


a KPTS - 1 km die 
x 72 m depth 
(structure) 





A rotary joint allows each antenna to be pointed as 
required toward the ground receiving antenna. Drive 
systems within this joint are controlled by a compu- 
ter to correct pointing errors. 







Phase control, power distribution and pointing con- 
trol systems are interconnected by electrical conduc- 
tors or waveguides between subarrays or groups of 
subarrays for overall HPTS control. These systems 
(i.e., cables, computers) are mounted within the 
antenna structure behind the subarrays. 





3.2.1 Build HPTS sup- 
port structure 

3.2. 1.1 Build extensior 
St- ;ture 

3.2. 1.2 Build rotary 
joint frame- 
to-support- 
structure 
Interface 

1 

The HPTS extension support structure connects the 
antenna Itself with the main body of the SECS. This 
structure is made up of triangular beam sections. 
Interfacing structure between this support arm and 
the rotary joint frame is also attached (acconnodatei 
differences in geometry between rotary joint frame 
and support structure). Electrical conductors which 
carry the DC power from the SECS over the support 
structure are also installed at thU time. 

t Capability to 
fabricate and 
assemble sup- 
port structure 
beams, inter- 
face structure 
a Capability to 
string and 
attach elec- 
trical conduc- 
tors ^1 km in 
length) 

a 1041 m length; 
30 beams 0 100 
m long, 4 8 40 
m, 25 8 130 m 
(4.3 m triangu- 
l4r) 

e Hake connec- 
tions between 
beams to assem 
ble structure 
e Resupply beam 
fabricators 
0 Perform on- 
site inspec- 
tion and mon- 
itoring of 
beam Joints, 
electrical 

» Remote control 
of construction 
equifxnent 
a Remote systems 
monitoring 
• Resupply and 
manipulator op- 
erations from 
shirtsleeve en- 
vironment. 
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Table S.3.2-1 (Continued) 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Hass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF HAN 

MINIMUM 
USE OF HAN 

3. 2. 1-3. 2. 1.2 (Cont'd) 
3.2. 1.3 Install elec- 
trical conduc- 
tors {SECS to 
joint inter- 
face) 



a Method to 
transfer mater- 
ial from fab 
facility out- 
ward along sup- 
port structure 


conductor at- 
tachments 
• Manipulator 
operation 


3.2,2 Build rotary 
Joint 

3.2.2. 1 Fab/asserable 
rotary joint 
structure 

3. 2. 2. 2 Install drive 
system and 
power transfer 
mechanism in 
azimuth Joint 

3. 2. 2.3 Install drive 
system in ele- 
vation Joint 


The rotary joint contains separate azimuth and ele- 
vation joints with individual drive systems. The 
structure for the rotary joint is assembled in place, 
beginning at the interface to the extension structure 
(3. 2-1. 2). The joint drive systems are then instal- 
led within the structure at each Joint; in addition, 
the brush/slip ring power transfer mechanism in the 
azimuth Joint is also installed. The drive systems 
are interlocked to prevent rotation until the con- 
struction operations are completed. 

a Joint structure 
fab/assy 
• Material 

transfer tech- 
nique 

• Joint structure 
~I00 beams - 
50 to 130 m 
long (4.3 m 
triangular) 

• Direct fab and 
assy of joint 
structure 

• Installation oi 
drive system, 
power transfer 
mechanism 

• Inspection of 
structure 
Joints, drive/ 
power transfer 
systems place- 
ment 

3.2. 2.4 Install elec- 
trical connec- 
tors between 
azimuth joint 
bus and brush/ 
slip ring con- 
nectors 

3. 2. 2. 5 Install wiring 
from rotary 
joint frame to 
azimuth Joint 
bus 

3. 2. 2. 6 Install wiring 
from elevation 
Joint bus to 
azimuth Joint 
bus 

3. 2. 2. 7 Build support 
arms (6) 


The power transfer system over the rotary Joint is 
completed by installing wiring from the brush/slip 
ring connectors to a bus in the azimuth joint, from 
the azimuth joint bus to the rotary Joint frame bus, 
and from the azimuth Joint bus to the elevation joint 
bus. Finally, six support arms are built outward 
from the elevation Joint structure. (These arras 
provide attachment points for the first concentric 
ring of the main HPTS substructure; see step 3.2.3. l! 

• Electrical 
conductor 
placement and 
attachment 
technique 

e Electrical con- 
ductor length - 
azimuth bus to 
elevation bus 
*»150 ra; others 
<20 m 

• Support arms - 
2 0 165 m long 
SO » 65 m, 4 0 
150 m (5.5 in 
triangular) 

» Wiring Instal- 
lation, connec- 
tions made 
manually at 
each bus 

• Inspection of 
connectors , 
wiring 



Table (Continued) 








TASKS 


TASK DISCUSSION 


3.2.3 Assembit MPTS 
substructure 

3. 2.3.1 Build first 
concentric 
rinti 


Fabrication and assembly of the HPTS structure begins 
after the rotary joint Is In place. The fabrication 
facility Is part of the main SPS construction base 
(step 1.2). Assembly Is accomplished at the antenna 
site, working from the center outward in concentric 
rings of structure. The first ring is a hexagon 
formed by six rectangular frames (65 m high x 130 m 
long); frame members are triangular beams 4.3 m on 






each side. Six other frames are used to form six 
equilateral triangles within the ring. 


The six outside frames are attached to the support 
arms constructed in step 3.2. 2. 7. Cables are attach- 
ed to support each frame and to rigidize the hexagon 
formed by the frames. 




3.2.3.2 Install sec- 
ondary struc- 
tures 


Secondary structures, fabricated and assembled at a • 
separate location, are mounted on the top surface of 
the hexagon which constitutes the first concentric 
ring. These secondary structures are triangular 
(130 m on each side, 7 m in depth), and their inter- • 
nal structure forms a rectangular grid on the top 
Surface of the antenna. These structures are deliv- 
ered to the construction folded up and are deployed • 
automatically (i.e., “popout") as required. They are 
attached to the main structure frames at three points 
Six secondary structures are required for the first 
concentric ring of the antenna. Surface flatness Is 
measured and adjusted as required. 


3. 2.3.3 Build second 
concentric 
ring 


Once the first concentric ring is completed, assembly • 
of the second concentric ring can begin. The same 
basic types of rectangular frame structure and sup- 
porting cables are utilized. Additional radial 
cables are used to tie the second ring to the first 
and, once the frame of the second ring is complete, 
circularize and rigidize the structure. As success- 
ive frames are attached to each other and initial 
cable attachments made to the first ring, the incom- 
plete second ring must be supported and held In the 
proper position. 


1 


Eighteen secondary structures art mounted to the top 
surface of the second concentric ring; these struc- 
tures are similar to those utilized for the first 


a 


EQUIPHENT 

REQUIREMENTS 

HSlliM 

MAN'S ROLE 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF MAN 

Method to 

a Triangular frame 

a Direct control 

1 Remote monitor- 

transfer mater 

beams 4.3 m on a 

of frame assen 

Ing of automat- 

ial from fab 

side by 65 m and 

bly attachment 

1c manipulator 

facility over 

130 m long (12 

and structure 

process; Inspec- 

support struc- 

required) 

assembly 

tion of Joints 

ture to anten- 

a 24 cab1e$Ml4$ rr 

a Direct control 


na 

long 

of cable ten- 


Capability to 


stoning 


attach and ap- 




ply tension to 




cables 




Capability to 




assemble 




frames, con- 




nect frames to 

• 



gether, con- 




nect first 




ring to ball 




joint attach- 




ment beams 




Transport 

a Six secondary 

a Deployment of 

a Monitoring of 

method for 

structures 

secondary 

secondary 

secondary 

- Dimensions 

structure, at- 

structure de- 

structures 

(folded): TBD 

tachment of 

ployment; moni- 

Manipulator 

e->1200 kg (2640 

secondary 

toring of at- 

attachment 

lbs) each 

Structure to 

tachment pro- 

techniques 


main frames 

cedure; Inspec- 

Alignment 


using manipu- 

tion of surface 

measurement 


la tors 

flatness 

and adjustment 


a Direct control 


techniques 


of flatness 




adjustments 


Same as 

a Triangular 

a Same as 3.2.3 

a Monitoring and 

3. 2. 3. I and 2, 

frames 130 m x 

plus Installa- 

Impaction of 

plus: support 

65 m (12 re- 

tion of radial 

assambly 

arras to hold 

quired) 

tension cables 


second ring 

a Frame cables 

and control ol 


frames In 

(24 required) 

support arms 


place while 

m 146 m long. 

for second 


mating frame 

a Radial cables 

rinj frame 


Is attached 

(36 required) 

a On-site align- 


and radial 

12 9 150 m ea 

ment between 


cables attach- 

24 9 175 n ea 

rings and ad- 


ed. 

a 18 secondary 

Justnent of 


Ssidb ai 

structural , 

flatneis 


3. 2.3. 3 
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Table S. 3.2-1 (Continued) 






EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REDDIRFMENTS 

HAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size. Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF MAN 

3. 2. 3. 3 (Continued) 

3.2.4 Install subar- 
rays 

3. 2.4.1 Fabricate sub- 
arrays 

3. 2. 4.2 Mount subar- 
rays on anten- 
na secondary 
structure 

* 

ring in that they "popout" for deployment and are 
attached at three points, but the shapes vary to 
accomnodate ring geometry. 

Additional rings are built outward, as each success- 
ive ring is completed, of 18 and 24 sides each, to 
achieve a 1 km diameter. 

Subarrays (10 ra x 10 m ea) are nonstructural elements 
which contain the power conversion and transmission 
equipment. Each antenna contains 7854 subarrays, 
which are mounted on the top surface of the second- 
ary structure. 

The subarrays are fabricated in a separate facility 
(HF-1) and transported to the antenna construction 
site. Each subarray contains microwave generators 
(klystrons or amplitrons), a waveguide system for 
phase control, power distribution system wiring and 
an electronics package, all mounted beneath the 
slotted waveguides front face through which the 
microwave energy is transmitted. 

a Transfer method 
for subarrays 
from fab facil- 
ity to second- 
ary structure 
surface, 
e Attachment 
technique 

a 3rd ring: 30 se< 
structures, 36 
frame cables. 6t 
radial cables 
a 4th ring: 42 set 
structures, 18 
frames & ra^ 

dial cables 
a 7854 10 m X 10 
m subarrays. 

156 to 140 kg 
(343 to 526 
lbs) each 

a Attachment of 
individual sub- 
arrays to sec- 
ondary struc- 
ture 

e On-site inspec- 
tion, monitor- 
ing 

e Rimotc Inspec- 
tion 



The subarrays are attached to the secondary struc- 
ture at three points. They can be mounted as each 
concentric ring is completed or Immediately after 
each secondary structure is installed (before 
other secondary structures are in place), or sub- 
array installation can be accomplished after the 
entire antenna structure is complete. 





3.2.5 Install phase 
control system 

3.2.5. 1 Interconnect 
electronics 
packages be- 
tween subar- 


Since each microwave generator acts as a separate 
radio transmitter, phase information must be avail- 
able to each generator so that system efficiencies 
are optimized. This is accomplished via an RF sig- 
nal sent from the ground to the HPTS, which is 
transferred through the subarrays to each microwave 
generator. 

e Electrical con 
ductor connec- 
tions between 
subarrays 
(waveguioe at- 
tach or wire 
connectors). 

■ e Electrical 
conductor 
length in 10 ■ 
increments 

e On-site 
placement and 
attachment of 
conductors 
between elec- 
tronics pack- 
ages. 

e Remote inspec- 
tion of con- 
nections 

rays 


For phase control, the subarrays are Interconnected 
in series with 8 to 16 subarrays per group. The 
subarrays in each group are connected electrically 
(waveguides or wires). This interconnection is ac- 
complished through the electronics packages and can 
be done at any time after the subarrays in any con- 
centric ring are mounted on the secondary structure 
or after all subarrays art mounted In the MPTS. 



♦- 
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Table 3.3. 2-1 (Continued) 


— — — 

TASKS 


TASK DISCUSSION 

3.2.S.2 Install RF 


In order to bring the phase control signal sent from 

lines from ref- 


the ground and received at the center of the antenna 

orence subar- 


to the subarray groups ( 700) over the MPTS surface. 

rays to sub- 


RF lines ( 700 transmission lines) are routed from 

array groups 


the antenna center to the first subarray In each sub- 
array group. 

These lines can be attached at the antenna center as 
soon as the first concentric circle (with subarrays) 

1 complete and the connections can be completed as 
soon as the outer subarray groups are placed. Alter- 
nately, the transmission lines can be attached as a 

1 


single task after all subarrays have been mounted In 



the MPTS. 

3.2.6 Install power 


The microwave energy transmitted to earth from the 

distribution sys- 


MPTS Is that energy collected by the SECS, transferred 

tern 


to the MPTS as DC power over the rotary joint and dis- 
tributed to each microwave generator. Each subarray. 

3. 2. 6.1 Install switch 


as mounted In the secondary structure (step 3. 2. 3. 4), 

gears 


contains the wiring for power distribution from the 
electronics package within the subarray to each 

3. 2. 6. 2 Attach elec- 


microwave generator. 

trical conduc- 



tors from ro- 


Sixteen switch gears are required, mounted In two rows 

tary Joint bus 


of eight along the antenna axis, as the Interface be- 

to switch gears 


tween the power from the SECS and the Individual sub- 
arrays. These switch gears are attached to*the an- ' 

3. 2. 6.3 Install elec- 


tenna structure, within the secondary structure. 

trical conduc- 



tors from 


Electrical conductors are then attached from the 

switch gears to 


switch gears to- the rotary joint (elevation axis) 

distribution 


bus. These lines would be placed along the antenna 

points 


structure radially to the antenna center, then axially 
(elevation joint axis) to the rotary joint bus. 

3. 2. 6.4 Install elec- 


trical conduc- 


Electrical conductors are also placed laterally from 

tors at dis- 


sach switch gear to distribution points In each anten- 

tributlon 


^a quadrant. Each switch gear services between 100 

points between 


and 400 distribution points depending upon Its Toca- 

subarrays 


:1on on the axis. Depending upon the distance from 
the antenna center, these distribution points trans- 
fer power to one, two or four subarrays. Hiring be- 
tween subarrays at such distribution' points must also 



le placed. 


EQUIPMENT 

requirements 


« RF transmit* 
Sion Una at- 
tachment mech- 
anism 


It "700 RF trans- 
mission lines, 
max length - 500j 
m 


MISCELLANEOUS 

REQUIREMENTS 

(Hass, Distance. 
Size, Etc} 


MAN'S ROLE 


MAXIMUM 
USE OF HAN 


e Placement antf 
attachment of 
cables to tub- 
arrays (both 
ends) 


MINIMUM 
USE OF KAN 


js Attachment of 
cables at sub- 
array end, af terj 
Initial attach' 
ment of cables 
at antenna cen' 
ter as part of 
the subarray 
group fabrica- 
tion. 


t Transfer tech- 
nique to carry 
switch gears 
to antenna 
a Electrical 
conductor at- 
. tachtnent meth- 
od 


• 16 switch gears 
2000 kg (4400 
lbs) each. 

I Conductor len- 
gth-switch gears 
to bal I joint 
bus 4 0" 600 m; 

4 0-500 m; 4 9 
—400 m; 4 
300 m. 

I Conductor len- 
ghts-swltch gear 
to dist pts 
(main lateral 
path); 4 9 500 
m; 4 9 400 m; 4 
9 300 m; 4 9 
200 m, plus "* 
1000 wires avg 
length 100 m. • 

> Intersubarray 
wiring 10 m in- 
crements max 
length 30 ■ 


e 


e 


4 


e 


Installation 
and attachment 
of switch gears 
Installation 
and attachment 


I Monitoring/ 
Inspection of 
wiring connec- 
tions. switch 
gear attach'^itnts: 


of wiring from j 
switch gears toi 
rotary Joint bus. 
Installation 
and attachment 
of wiring to 
distribution 
points 
Installation 
and attachment 
of wiring be- 
tween tubarrays 


ft 
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Table 3. 3. 2-1 (Concluded) 


tj. a j. i 



EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

HAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size. Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF MAN 

3.2.7 Install pointing 
control system 

3.2.7. 1 Mount pointing 
control compu- 
ter In anten- 
na structure 

3. 2. 7. 2 Install wiring 
between ref- 
erence subar- 
rays and com- 
puter 


A control signal sent from the ground to the HPTS Is 
used to measure pointing errors, and a computer Is 
used to conmand the rotary joint drive systems to 
correct such errors. The computer Is mounted near 
the center of the antenna within the structure. This 
computer Is connected to seven reference subarrays 
used to measure pointing errors, and tq the drive 
systems via electrical wiring. 

• Technique to 
mount computer 
In structure 
a Uire Installa- 
tion, connec- 
tion 

a Computer size 
TBD 

a Wiring lengths 
subarrays to 
computer: 3 9 

75 m; 2 9 200 m 
2 9 300 m. 
Computer to ro- 
tary joint: 40 
iR to elavitlon 
Joint; 140 m to 
azlauth Joint 

a 0n-s1te place- 
ment of compu- 
ter wiring 

a Remote Inspec- 
tion of elec- 
trical connec- 
tions 

3. 2. 7.3 Install wiring 
between compu- 
ter and rotary 
joint drive 
systems 







4.0 ACTIVATE SPS 


The following tasks are required to comp1e*» the con- 
struction activities and make the SPS operakional. 

- 



. 

4.1 Activate Attitude 
Control System 


The attitude control systems will be activated and 
checked out. 

a Systems CIO 
area In IMF 


.. Systems monitor 
ing and control 


4.2 Orient SPS to POP 
and Solar Orienta- 
tion 


The SPS will be maneuvered to the desired o/lenta- 
tion. 



a System monitor- 
ing and control 


4.3 Unlock HPTS Joints 
Activate Computer 
and Point MPTSs 


The HPTS Joints will be unlocked (see 3.2.2). The 
computer will be activated. The HPTSs will be point- 
ed and the automatic steering control system will be 
activated. 


. 

a Systems monitor 
Ing and control 

e 

4.4 Check Out Subsys- 
tems 


All SPS subsystems will be checked out before and 
after activating the SPS power systems. 





4.S Detach and Reowve 
Construction Facll 
Itles 


After the SPS Is operational and verifications are 
complete, the construction facility Is removed and 
maneuvered to another construction site. This will 
require some structure disassembly and separate 
removal of Installers. 

a Capability to 
disassemble 
structure and 
remove Instal- 
lers 

a Transfer ve- 
hicles 


a Direct dlsass- 
ambly tasks 

a Raa»te control 
of OCSE 




TRUSS-TYPE SPS 
CONSTRUCTION STEPS 


1.0 ASSEMBLE CONSTRUCTION FACILITIES (LEO) 

1.1 Build Facility Structure 

1.2 Install Facility Equipment 

1.3 Assemble Manufacturing Facility 

2.0 BOOST ELEMENTS TO GEO 

2.1 Cpnstruction Facility 

2.2 Manned Modules 

2.3 Material s/Consumables 

2.4 Prefab Elements (from Hfg Facility) 

2.5 Crew Exchanges 

3.0 CONSTRUCT SPS 

3.1 Construct SECS 

3.1.1 Build Outboard End Wall 

3.1.2 Build Longitudinal Trusses 

3.1.3 Build/Attach Lateral Trusses 

3.1.4 Build/Attach Side Trusses 

3.1.5 Attach Diagonal Cables 

3.1.6 Install Concentrators 

3.1.7 Install Solar Cells 

3.1.8 Install Power Distribution 

System 

3.1.9 Build Inboard End Wall 

3.1.10 Attach MPTS to End Wall ' 

3.1.11 Install Auxiliary Equipment 

3.2 Construct MPTS (2) 

3.2.1' Build Support Structure 

3.2.2 Build Rotary Joint 

3.2.3 Assemble Substructure 

3.2.4 Install Subarrays 

3.2.5 Install Phase Control System 

3.2.6 Install Power Distribution 

System 

3.2.7 Install Pointing Control Sys- 


4.0 ACTIVATE SPS 

4.1 Activate ACS 

4.2 Orient SPS 

4.3 Unlock MPTS Joints, Activate Comput- 
er. Point HPTSs 

4.4 Checkout Subsystems 

4.5 Detach and Remove Construction Base 


MONTHS FROM START 


5 6 7 8 9 10 11 12 13 14 IS 



Figure 5.3, 2-6 Truss Type SPS Construction Timelines 
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3.3,3 Brayton~ayole Thermal Engine SPS 

3, 3. 3.1 Overview - The Boeing concept of the Brayton-cycle thermal (BT) 
engine SPS is presented in Figure 3. 3. 3-1. The total system is comprised of 
four power modules and a MPTS. (Ongoing studies may derive different system 
sizes and may incorporate a second MPTS.) At each power module, solar radiation 
is concentrated by steerable facet reflectors (17,000 in each module) into a 
power conversion system (PCS) cavity absorber. Piping inside the cavity de- 
livers heated helium to drive turbogenerators which generate three-phase AC 
electrical power. The electrical energy is delivered through the three-element 
spinal truss to rotary transformer at the MPTS interface. Here the electrical 
energy is converted to DC for driving the microwave generators. Waste heat is 
rejected from each PCS via a liquid metal (NaK) system and large halo radiators. 

3. 3. 3. 2 Construction Activities - The baseline construction methods assumed 
(partially derived from Boeing concepts) for the BT SPS includes constructing 
the power conversion system (PCS) inside a hexagonal construction jig structure, 
as shown in Figure 3.3. 3-2. The cavity absorber shell is assembled from pre- 
fabricated panel sections. When the shell is sufficiently assembled, structure 
is installed around the cavity opening as a base for installing the solar con- 
centrator (SC) structural struts (see Figure 3.3. 3-3). The SC is assembled 
using mobile beam builder facilities while the remainder of the PCS is assembled. 

The mobile beam builders are assumed capable of fabricating two beams 
simultaneously and contain a manipulator system for installing lateral beams 
and tension cables (see Figure 3. 3. 3-4). These SC facilities will also in- 
stall structural framework to form the SC bowl, overlay this framework with 
popout secondary structures, and install reflector facets into steering mech- 
anisms previously installed in the structure (see Figure 3. 3. 3-5). 

The PCS construction facility contains six manipulators for installing 
the PCS elements and two long cranes (Ji900 m) for Installing the massive 
radiator segments and the spinal truss structure. 

Simultaneous with the PCS construction, a MPTS is constructed at a separate 
site. Wlien the four power modules and the MPTS are constructed, the MPTS is 
temporarily attached to the bottom of one of the modules. Ion/ chemical propulsion 
units are attached (Figure 3. 3. 3-6) and the four modules are boosted to GEO. 





111-49 










111-52 


;:^:i*VT:n£szam>fe 










Table 3. 3. 3-1 Thermal Sngine SBS Constnurtion - Fvnotional Analysis 


TASKS 


TASK DISCUSSION 

EQUIPHENT 

AEQUIRENENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN'S ROLE | 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

NtNINW 
USE OF MM 

1.0 ASSD«L£ CONSTRUC- 
TIOH FACILITIES 
(LEO) 

1.1 Construct CF-1 
thru CF-4 for PCS 
Assembly 

1.1.1 Lsunch construc- 
tion base with 
beam/ fabricator 
(4) 

1.1.2 Install construc- 
tion equipment 

1.1.3 Fabricate facil- 
ity beams 

1.1.4 Assemble facili- 
ty (4) 

1-’ Construct CF-5' 
thru CF-2S for SC 
As$es4>1y 


Each of the SP5 modules will be constructed In LEO. 
boosted to GEO, and Joined In GEO to form the total 
SPS. Initially four construction facilities (CF-1 
through -4} Mill be assembled In LEO. These will 
Independently assemble the four power conversion 
systems (PCS). Six additional beam-builder facili- 
ties for each module (CF-5 through -28) will be 
assembled in LEO and attached to the PCSs. These 
will then construct the solar concentrator (SC) 
assembly. Simultaneously, CF-29 will be assembled 
in LEO and used for constructing the HPTS. A manu- 
facturing facility (HF-I) will be assembled and 
maintained In LEO for assembling SPS elements too 
large for direct launch. from earth: e.g., MPTS sub- 
arrays, popout SC secondary structures, -radiators,' 
etc. 

Construction bases are launched with the capability 
to manufacture square beams 8 meters on a side. 

OCSE (manipulators) are launched and Installed on 
each facility. The OCSE will take the fabricated 
beams and assemble the hexagon structure. The OCSE 
manipulators will be Installed at the Interior side 
of the apexes as the hexagon structure Is assembled. 
PCS stanchions are also Installed at these points. 

These facilities will be launched and assembled when 
the PCS construction has proceeded to the point when 
the SC support spokes are ready to be assembled. 
These facilities are envisioned as capable of build- 
ing beams out both ends and containing manipulators 
for Installing transverse SC beams and cablas. 

e Capability to 
fabricate 8 x 
125 meter (26 
X 410 feet) 
square beams. 

e Capability to 
assemble faci- 
lity. Manipu- 
lators to be 
Installed are: 
Cavity const- 
ruction - 6 
required, •>'110 
meters each; 
Radiator con- 
struction - 2 
required, -.TOO 
meters each. 

e Capability to 
fabricate tri- 
angular beams 
10 X 338 m (33 
X 1100 feet). 
Beams to 1600 
m long are re- 
quired between 
the SC spokes. 

e Capability to 
Install teams 
spanning 1600 
m. 

• CF-1 thru CF-4 
will provide 
the Integration 
management 
(INF) and log- 
istics facili- 
ties (LF). All 
construction 
facilities will 
Include manned 
modules. Sta- 
tlonkeeplng 
systems ate 
provided In all 
facilities. 

• Facility beams 
will span 86 m. 
Beam masses are 
up to—21S kg 
(473 lbs). 

• Docking provi- 
sions on the 
manned facility 
are needed for 
OCSE and sub- 
sequent resup- 
ply vehicles. 

• Seam Joining 
.methods are 
assimd to be 
welded butt 
joints. 

e Beam mass*'1.3 
kg/meter 

e Hake the con- 
nections be- 
tween beams, 
e Resupply beam 
fabricators, 
e Perform on-si ti 
monitoring of 
' teams to ensun 
Joint Integrit) 
and alignments, 
e On-site oper- 
ation of OCSE 
manipulators, 
a Maintenance. 

e Remote control 
of OCSE. 

e Systems reaote 
monitoring, 
e Fabricator re- 
supply from 
shirtsleeve 
environment, 
e Maintenance. 
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Table Z.Z.Z-1 (Continued) 


TASKS 


1.2 (Continued) 


1.3 Construct CF-29 
for MPTS Assembly 


1.4 Construct HF-1 


1.4.1 Launch facility 
modules 


1.4.2 Assemble facili- 
ties 


1.4.3 Launch and in- 
stall facility 
equipment 


2.0 CONSTRUCT SPS 


2.1 Construct Individ- 
ual Modules (4) 


2.1.1 Construct PCS 
(4) 


2. 1.1.1 Assemble cav- 
ity absorber 
shell 


TASK DISCUSSION 


This facility will be self-support1n&. Stationkeep- 
ing systems, logistics facilities, and manned mod- 
ules will be Included. This facility will assemble 
the 130 X 65 m frames (with cross-cables) used in 
constructing the HPTS polygon structure. The frame 
trusses are triangular at 4.3 m on a side. The fa- 
cility Is envisioned as 30 x 70 x 150 in. Fabrica- 
tors, OCSE, and jigs are provided In 3 bays for con- 
current manufacture of 3 frames at a time. The same 
facility will provide support to the OCSE for assem 
bly of the MPTS, Including attachment structure, 
substructure, secondary structure, subarrays, and 
operating equipment. 


The manufacturing facility will be maintained 1n 
LEO, near to the SPS construction sites. This fa- 
cility will manufacture/assemble SPS elements that 
are too large for direct earth launch. The facility 
will contain a crewman habitat, factory-type facil- 
ity for assembly operations, material stowage area, 
docking provisions for resupply vehicles, ai|d pro- 
pellant servicing provisions for orbit-to-orbit 
vehicles. 


The PCS construction starts by assembling the cavityj 
absorber shell. The surface of the shell Is made 
up of series of flat facets. Around the center is a 
belt of 32 facets, where the bulk of the t'ayton cy 
cle machinery will be Installed. These facets are 
alternately 20 m (65.6 ft) square and 20 x 9 m 


EQUIPMENT 

REQUIREMENTS 


a Capability to 
Install cables 
spanning 2050 
m. 

0 Manipulators 
with 150 m 
reach. 


Capability to 
fabricate 4.3 
X 150 m (14 X 
500 ft) beams 
and assemble 
these Into the 
required faci- 
lity frame. 


« Capability to 
assemble large 
habvtabli ve- 
hicle. 

• Factory-type 
equipment for 
fabricating/ 
assembling 
specific SPS 
elements. 


• Capability to 
Install facet] 
sections on CFj 
stanchions and] 
Install re- 
maining facets] 


MISCELLANEOUS 

RFOUIREMEHTS 


(Mass, Distance. 
Slie, Etc) 


Facility beams 
will span up to 
150 meters. 

• Beam mass Is up 
to -54 kg (119 
lbs). 

Docking provi- 
sions are re- 
quired for sub- 
sequent resup- 
ply vehicles. 

• Self-sustaining 
systems: ACS, 
GN&C, power, 
etc. 


a Subarrays ■ 200 
kg. Material 
package ■ TBD 
kg. 


Cavity sphere 
sixe 150 m 
(492 ft) dia. 
Hass of 20 X 
29 m section 
with gas piping 


KAN’S ROLE 

MAXIMUM 

MINIMUM 

USE OF NAN 

USE OF HAN 

Same as 1.1 

Same at 1.1 

« Hands-on as- 

e Remote control 

sembly of fac- 

of factory op- 

illty and SPS 

eratlons from 

elements. 

shirtsleeve 

e Direct machine 

environment. 

operation, re- 

• Monitoring of 

- supply and 

automated 

monitoring. 

equipment. 

• Maintenance. 

e Machine resup- 


ply. 


e Hainrtenencfi. 

e Direct Involv- 

e Remote control 

ement in join- 

of OCSE. 

ing structure 

e Kaintenence. 

facets. 


e 0n-s1te oper- 


atlon of mani - 


pulators 



fi 
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EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN'S ROLE 


TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF HAN 

MINIHUN 
USE OF KAN 

2-1. 1.1 

(Continued) 


(65.6 X 29.5 ft). The majority of the remainder of 
the facets are 20 ra square with smaller, tapered, 
flat panels In between to complete the sphere. It Is 
orobable that several of the facets could be assem- 
bled into larger elements at MF-1 and transferred to 
the PCS sites. 

• Manipulator 
lengths requir- 
ed are about 

no m. 

and Insulation 
X 53 ,000 kg each 
(116,600 lbs). 

• 98 sections. 

a Maintenance of 
OCSE. 

\ 


2. 1.1.2 

Install fluid 
piping 


It Is assumed that the gas (helium) heat exchanger 
piping Inside the absorber cavity will be part of the 
structure facets. Connections will be made between 
sections as the absorber sphere Is assembled. It Is 
assumed that the gas piping Inlet and outlet for each 
section can be on the exterior of the sphere for ease 
of assembly. 

• Capability to 
make gas piping 
connections 
(exterior acc- 
ess assumed). 

• Sizes TBD. 

• Direct Joining 
of gas piping. 

• Remote control 
of OCSE. 




At Installation of the waste heat radiators, liquid 
metal (NaK) piping Is Installed between the PCS and 
radiators. 

• Capability to 
Install and 
connect liquid 
metal piping. 

• Sizes TBO. 

• Direct instal- 
lation of pip- 
ing. 

• Remote control 
of OCSE. 

2. 1.1.3 

Install turbo- 
generator sets 


Sixteen 300 MW turbogenerator (TG) sets will be In- 
stalled around the periphery of each PCS sphere. 

Each set will be preassembled In MF-l prior to trans- 
fer to the PCS site. 

e Capability to 
transfer and 
Install TG set! 
on cavity 
structure. 

e Hass of each 
TG set -236,400 
kg (520,000 
lbs) 

a Direct joining 
of connections. 
• On-site opera- 
tions of raan- 
■ ipulators. 

e Remote control 
of OCSE. 

2. 1.1.4 

Install 

Radiators 


A halo radiator assembly will be Installed on each 
SPS module. These will be Installed on the +X 
structure spoke after the SC structure assembly has 
progressed sufficiently. Since the mass of each 
radiator assembly will be*»6 x 10® kg. It Is assumed 
each radiator will be assembled from several seg- 
ments. TMs wilF then require on-site mechanical 
and fluid piping connections. 

a Capability to 
transfer and 
Install radia- 
tor segments 
and make pi pint 
connections. 

e Assume 12 radi- 
ator segnents 
at-- 500, 000 kg 
(10® lbs) with 
dimensions of 
-180 X 730 m. 

• Direct Instal- 
lation and 
connection 
activities, 
c On-site opera- 
tion of manip- 
ulators. 

e Remote control 
of OCSE. 

2.1. 1.5 

Leak check and 
charge fluid 
systems 


As each fluid system is Installed, leak checks will 
be performed to verify system Integrity. If leak- 
age is present, methods must be employed to Isolate 
leak location and seal the leak. As part of activa- 
ting the system, the fluid systems will be charged. 
The helium system presents no problem and can be 
remotely activated by opening the accumulator supply 
valve. The NjK system presents some problems. The 
NgK metal must be in liquid form ta flow Into the 
system and the system must be operating to maintain 
the liquid form. The NaK charging therefore will be 
In GEO as part of activating the SPS. 

• Leak check flu- 
id systems. 
Methc: TBD. 

• Locate point 
of leakage. 
Method TBD. 

• NgK loading 
system to melt 
the metal com- 
pound and 
charge the PCS 
system. 

a 

• -4.8 X 10^ kg 
NaK In each 
radiator. 

e Manual leak 
check methods, 
a Fly-around 
leak detection 
routine and 
evaluation, 
e Leak repair, 
e Connection of 
NeK loading 
system and on- 
site operation 

e Remote monitor- 
ing of leak 
check method. 

• Leak detection 
and evaluation 

• Leak repair. 

• Connection of 
N«K loading 
systam and re- 
mote operitlon 
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Table 3. 3.3-1 (Continued) 


— 

TASKS 


TASK Discussion 

2.1.2 Construct Solar 
Concentrators 
(SC) 



2.1.2. 1 Install SC sup- 
port base struc- 
tures 


The cavity absorber shell will have truss pads 1ncor- i 
porated at appropriate spots for anchoring the SC 
support struts. Preassembled base structures will be 
installed on these pads using the PCS construction 
facilities. These structures will provide docking 
for the SC construction facilities. 

2. 1.2.2 Dock CF-5 thru 
CF-28 to sup- 
port strut base 

- 

These construction facilities will have fly-around < 

capability and contain beam fabricators and manipula- 
tor systems. Each facility will dock to the SC sup- 
port strut bases constructed In 2. 1.2.1. A beam will 
be partially fabricated and attached to the support 
strut base. 

2. 1.2. 3 Build SC sup- 
port struts and 
cross- trusses 


Each SC construction facility will continue to build i 
the beam strut. This will In effect move the facili- 
ties away from the PCS. Simultaneously, a beam will 
be built out the other end of each facility. At the 
appropriate time, this second beam will be installed 
between support struts. 

2.1. 2. 4 Install tension 
cables 


Tension cables will be periodically Installed to 
stabilize the long support struts. Cable layout 1s 
TBD. 

2. 1.2.5 Build reflector 
framework 


When the SC construction facilities have built the 
struts to the desired lengths, beams will be taken 
from the other end of the beam fabricators and, by 
use of the manipulators, placed in positions to start 
building a framework for the bowl of the SC. The 
construction facilities will move themselves, by use 
of the manipulators, to other places on the bowl 
framework as required to continue building the frame- 
work. When the equilateral -triangle structures are 
completed, “popout” secondary structures will be 
transferred to the sites and Installed. (This con- 
cept was devised to present a possible SC assembly 
method. The bowl framework would have to be re- 
worked to achieve the equilateral layout. Existing 
Boeing data Is Incocaplete In this area.) 


EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REOUIREMENTS 

HAN'S ROLE 

(Hass. Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

MINIMUM 
USE OF NAN 

CF-1 thru CF-4 


% 

1 Direct connec- 

e Remote control 

facilitlas. 


tion of base 

of OCSE. 



structure. 


Capability to 

• Control of dock" 

t Remote control 


fabricate SC 

Ing maneuvers. 

of OCSE. 


triangular 

e Direct connec- 



beams and at- 

tions of beam tc 



tach beam to 

base. 



base while 




docked or sta- 




tionkeeplng. 




Capability to 

e Beam mass up to 

• Make connection: 

e Remote control 

fabricate and 

1560 kg (3430 

of cross-beams. 

of OCSE. 

Install beams 

lbs). 


e Material re- 

10 m on a side 



supply. 

and up to 1600 



e Maintenance. 

m (l mile) long 




Capability to 


e Transfer cables 

a Remote control 

install tension 


across span. 

of OCSE. 

cables over 


e Install cable 

e Material resup- 

spans up to 


- ends and ten- 

ply. 

2775 m (9100 


Sion cables. 

• Maintenance. 

feet). 




Same construe- 

e Popout second-. 

a Direct connec- 

a Remote control 

tion facility 

ary structure 

tion of beam 

of OCSE. 

capability as 

weight— 5000 kg 

ends. 

0 Material resup- 

In 2. 1.2. 3. 

(11,000 lbs). 


ply. 

Manipulator 

e -762 secondary 


a Maintenance. 

capability to 

structures In- 



move construe- 

stalled each 



tion facility. 

module. 




e Facility mass 




TBD. 
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EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REOUlREMENfC 

HAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF HAN 

MINIMUM 
USE OF HAN 

2. 1.2. 6 Install reflec- 
tor facets 


Preasserabled reflector facets are Installed at each 
top joint of the "popout" secondary structure. Each 
facet Is Individually steered by a 2-ax1s drive assem- 
bly. The drive assembly Is mechanically attached at 
the structure joints. 

• Transfer facet: 
to installatlor 
sites. 

• Install facet 
drive assembly 
at secondary 
structure 
joints. 

• •'17,000 facets 
Installed each 
module. 

• Hass- 65 kg 
(143 lbs) per 
facet. 

a Hake mechanical 
connection. 

a Remote control 
of OCSE. 

2. 1.2.7 Install reflec- 
tor control 
systems 

- 

Each facet contains a sensor and circuitry to auto- 
matically maintain focusing on the cavity absorber. 
However, remote control of the facet steering Is re- 
quired to permit defocuslng the facets In the event 
of PCS contingencies that require removing radiation 
Into the cavity. Circuitry for power to the drive 
assemblies and control signals Is required for each 
facet. Circuitry will be preasserabled In the second- 
ary structures and will be Installed on the primary 
beams as they are constructed. All circuitry must 
be connected as the assembly operations occur. 

• Capability to 
make electric- 
al circuitry 
connections. 

• Connections at 
rl7,000 facets 
on each module, 
e Connections at 
-•30 primary 
structure Joints 

e Make electrical 
connections. 

• Remote control 
of OCSE. 

2.1.3 Construct/lnstall 
power distribu- 
tion system 


Power Is transferred from the turbogenerators up the 
primary bus trusses to the spinal truss. The spinal 
truss carries power to the end module, down the SC 
strut near the MPTS, and to the ’•otary transformer 
joint (see 2.2). The generated power Is 30. Each 
longitudinal member of the transfer beams carries a 
phase. Cross-members are Insulated from the long 
elements. 

.• Unique beam 
fabricators to 
build power 
conducting 
beams . (These 
beams could be 
special built 
in HF-1.) 




2. 1.3.1 Install primary 
power bus trus- 
ses 


The primary power bus trusses are Installed on the 
PCS-to-SC Interface structure. 

• Facility manip- 
ulators ade- 
quate. 

• Beam lengths 
—150 m. Mass 
-146 kg. 

• Make beam con- 
nections. 

• Direct opera- 
tion of manip- 
ulators. 

a Remote control 
of OCSE. 

’ 

’.1.3.2 Install spinal 
truss 


The spina! truss Is Installed between the top ends of 
the primary power bus trusses. This spinal truss will 
eventually be extended when all SPS modules are joined 
In GEO. 

• Facility manip- 
ulators ade- 
quate. 

■ Beam lengths 
-340 tn. Mass 
-330 kg. 

e Make beam con- 
nections, 
a Direct opera- 
tion of manip- 
ulators. 

a Remote control 
of OCSE. 

’.1.3.3 Connect PCS pri- 
mary power bus 
bars 


Bus bars are Installed on the PCS to carry power from 
the turbogenerators and are connectdS to the primary 
bus trusses. 

• Capability to 
Install power 
bus bars and 
connections 
with primary 
bus trusses. 


a Hake bus bar 
installations 
and connec- 
tions. 

a Remote control 
of OCSE. 
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Table 3. 3. 3-1 (Continued) 



2.1.4 Prepare SPS ele- 
ments for trans- 
fer to GEO 

2.1. 4. I Install auxil- 
iary systems 


2. 1.4.2 Install MPTS 
on SC 


2. 1.4. 3 Install orbit 
transfer sys- 
tem 


2. 1.4.4 Remove con- 
struction 
facilities 


2.2 Construct MPTS 


KAN’S ROLE 


The separate SPS modules will be transferred to GEO 
for final assembly. The following tasks are required 
to prepare the SPS elements for this orbit transfer. 

Those systems will be Installed that will monitor 
orbital parameters and Integrate orbit-transfer func- 
tions for control of the propulsion modules. The 
same systems may be used for controlling the steer- 
ing of the SPS when operational or additional sys- 
tems may be installed. Permanent operational ACS 
will be installed. 

The MPTS will he Installed on the bottom of one of 
the SC modules for transfer to GEO. 


Three orbit transfer vehicles will be Installed on 
each SPS module. These vehicles will be remotely 
maneuvered to the docking points and connected using 
on-site equipment. 


Those construction facilities will be removed (fly- 
away) that are not needed in the GEO operations. 

CF-1 thru CF-4 and 2 of each of the SC facilities 
will be needed. These will be secured on the SPSs, 
CF-29 will be required for MPTS maneuvers. 

The thermal type SPS concept utilizes one MPTS to 
transmit to earth all energy collected from the 4 
modules. MPTS construction and assembly Includes 
building the antenna and extension structure and 
attaching the rotary transformer assembly (RTA) In 
LEO. This entire assembly is constructed Independ- 
ently (from PCS and SC) and then transported to GEO 
(on a SPS module) where it is attached to the SC 
assembly. 

I 

The antenna contains 7854 10 m x 10 m subarrays on 
a supporting structure. Each subarray 1s an Inte- 
gral unit containing microwave generators (klystrons 
or amplltrons), a slotted waveguide front face and 


• Use PCS con- 
struction fa- 
cilities. 


• Capability to 
transfer MPTS 
to SC provided 
by CF-29. 

• Capability to 
Install MPTS 
on SC . 

• Use SC con- 
struction fa- 
cilities. 

• Capability to 
connect OTV to 
SPS module. 

• Use SC con- 
struction fa- 
cilities. 

• CF fly-away 
capabilities. 


• Attitude con- 
trol M 400 >000 
kg each module. 


0 NPTS mass 
-12x10^ kg. 


e OTV mass 


KAXIHUN 
USE OF MAN 


a Direct connec- 
tion of auxil- 
iary systems. 


0 Hake mechanic- 
al connections 
between MPTS 
and SC. 


MININUH 
USE OF NAN 


e Remote control 
of OCSE. 


e Control dock- 
ing maneuvers. 
0 Remote control 
of OCSE. 


0 Make mechani- 
cal and elec- 
trical connec- 
tions; 


e Remote control 
of OCSE. 


e CF-l will be- 
come the sin- 
gle IMF In GEO 


1 km dia anten- 
na x 72 m depth 
(structure) 
NOTE: The use 
of 1 MPTS (of 1 
km dia) to 
transmit total 
energy output 
of the PCS to 
earth conflicts 
with NASA con- 
cepts, whir'n 
use 2 antennas 
for each SPS. 
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EQOIPHEHT 

REQUIREMENTS 

MISCELLANEOUS 

REOUIREMENTS 

HAN'S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

NAXINUM 
USE OF HAN 

KIHINUN 
USE OF NAN 

2.2 (Continutd) 


control electronics. 







Phase control , power distribution and pointing con- 
trol systems are interconnected by electrical conduc- 
tors or waveguides between subarrays or groups of 
subarrays for overall HPTS control. These systems 
are mounted within the antenna structure behind the 
subarrays. 







The extension structure physically connects the an- 
tenna to the RTA at the end of the SC, and allows 
360° of rotation of the antenna about the long axis 
of t'.e SC. 






• 

The rotary transformer assembly (RTA) Is the actual 
Joint which allows the antenna to rotate for pointing 
toward earth. The RTA is attached to the extension 
structure (In LEO) and the main SC frame (in GEO); 
and Includes power conversion and transfer equipment 
to the antenna systems. Antenna printing control 
methods are TBD. 




’ 

2.2.1 Assemble HPTS 
substructure 

2. 2.1.1 Build Tint 
concentric 
ring 


CF-29 Is utilized to construct the HPTS. Since this 
task Is accomplished Independently from other SPS 
construction, CE-29 must be capable of stabilizing 
Itself and the HPTS, at least during early construc- 
tion phases. This facility will construct the main 
antenna structure and the extension structure (in- 
cluding support attachments to the HPTS). 

Assembly Is accomplished working from CF-29 (at what 
would be the antenna center) outward in concentric 
rings of structure. The first ring Is a hexagon 
formed by six rectangular frames (6S m high x 130 m 
long). Frame members are triangular beams 4.3 m on 
each side. Six other frames are used to fora six 
equilateral triangles within the ring. 

e Capability to 
fabricate 4.3 m 
X ISO m beams, 
build attach- 
ment arms, 
a Docking facili- 
ties for resup- 
ply. 

a Method to tran- 
sfer material 
from fab facil- 
ity over sup- 
port structure 
to antenna, 
e Capability to 
attach and ap- 
ply tension to 
cables. 

a Capability to 
assemble frames 
connect frames 
together. 

e Triangular 
frame beams - 
4.3 m on a side 
by 6S m and 130 
m long (12 re- 
quired). 

a 24 frame cables 
■>146 m long. 

a Hake connec- 
tions between 
beams to assem- 
ble structure. 

• Direct control 
of frame assem- 
bly attachment 
and structure 

- assembly. 

• Direct control 
of cable ten- 
sioning. 

e Remote control 
of construction 
equipment, 
e Remote systems 
monitoring, 
e Remote monitor- 
ing of autoeiat- 
tc manipulator 
process; 
inspection of 
joints. 
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EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIRFHENTS 

MAN'S 

ROLE 

TASKS 


TASK OISCUSSIOK 

(Mass, Distance, 

MAXIMUM 

MINIMUM 




Size, Etc) 

USE OF MAN 

USE OF HAN 

2. 2. 1.2 Install secon- 


Secondary structures, fabricated and assembled at a 

s' Transport meth- 

f Six secondary 

a Deployment of 

e Monitoring of 

d»ry struct- 


separate location, are mounted on the top surface of 

od for second- 

structures. 

secondary 

secondary 

uras 


the hexagon which constitutes the first concentric 

ary structures. 

Dimensions 

structure. 

structure de- 



ring. These secondary structures are triangular 

a Manipulator, 

(folded): TBO 

attachment of 

ployment; raon- 



(130 ra on each side, 7 m in depth) and their Internal 

attachment 

e ~1200 kg (2640 

secondary 

itoring of at- 



structure forms a rectangular grid on the top surface 

techniques. 

1bs each). 

structure to 

tachment proce- 



of the antenna. These structures are attached at 3 

a Alignment meas- 


main frames us- 

dure; inspec- 



points to the main structure frames, and are deliver- 

urement and 


Ing manipula- 

tion of surface 



ed to the construction site folded up, to be deployed 

adjustment 


tors. 

flatness. 



as required for attachment. Deployment Is automatic 

technique. 


e Direct control 




(I.e. , popout). Six secondary structures are re- 



of flatness ad- 




quired for the first concentric ring of the antenna. 
Surface flatness is measured and adjusted as required 



Justments. 


2.2. 1.3 Build second 

• 

Once the first concentric ring is completed, assembly 

e Same as 2.2. 1.1 

a 18 secondary 

e Same as 2.2.3 

e Monitoring and 

concentric 


of the second concentric ring can begin. The same 

and 2. 2. 1.2 

structures (2nd 

plus instaUa- 

inspection of 

ring 


basic types of rectangular frame structure and sup- 

a Support arms to 

ring) 

tion of radial 

aittMbly. 


porting cables are utilized. Additional radial ca- 

hold second 

e 3rd ring (18 

tension cables 




bles are used to tie the second ring to the first and 

ring frames In 

frames); 30 sec 

and control of 




once the frame of the second ring 1s complete, circu- 

place while 

structures; 36 

support arms 




larlze and rlgldlze the structure. As successive 

mating frame 

frame cables 9 

for second ring 




frames are attached to each other, and Initial cable 

end radial ca- 

146 m ea; 48 

frames. 




attachments made to the first ring, the Incomplete 

b1es attached 

radial cables 9 

e On-slte align- 




second ring must be supported and held In the proper 


175 m ea; 12 

ment between 




position. 


radial cables 9 

' rings and ad- 




“ 


150 m ea. 

Justment of 




Eighteen secondary structures are mounted to the top 


a 4th ring (24 

flatneii. 




surface of the second concentric ring; these struc- 
tures are similar to those utilized for the first 
ring In that they "popout" for deployment and are 
attached at three points, but the shapes vary to 
acconmodate ring geometry. 


frames); 42 
sec structures; 
48 frame cables 
9 146 m; 72 
radial cables 9 
175 m; 12 rad- 

• 


2. 2. 1.4 Build third 


Additional rings are built outward, as each success- 

a Same as 2.2.1.J 

ial cables 9 



and fourth 


ive ring Is completed, of 18 and 24 sides each, to 


ISO m. 


p 

concentric 

rings 


achieve 1 km diameter. 





2.2.2 Install subar- 


Subarrays (10 m x 10 m ea) are nonstructural elements 

e Transfer meth- 

a 7854 10 M X 

e Attachment of 

e RMWte Inspec- 

r*ys 


which contain the power conversion and transmission 

od for subar- 

10 m subarrays. 

Individual sub- 

tion. 


equipment. Each antenna contains 7854 subarrays. 

rays from fab 

156 to 240 kg 

arrays to sec- 


2.2.2. 1 Fabricate sub- 


which are mounted on the top surface of the second- 

facility to 

(343 to 528 

ondary struc- 


arrays 


ary structure. 

secondary 

lbs) par sub- 

ture. 





structure sur- 

array. 

0 On-site Inspac- 


2. 2. 2. 2 Mount subar- 


The subarrays are fabricated in a separate facility 

face. 


tion. Monitor- 


rays on antan- 


(MF-1) and transported to the cntenna construction 

e Attacinent 


fng. 


na aacondary 


site. Each subarray contains microwave generators 

technique. 



atructura 


(klystrons or amplltrons), a waveguide systtn for 



\ 




phase control 1 power distribution systan wiring and 
an electrenlcs package, ell mounted beneath the 
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Table 3.Z.S-1 (Continued) 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

HAN’S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF NAN 

MINIMUM 
USE OF HAN 

2.2.2 - 2.2.2.2 (Confd) 


slotted waveguide front face through which the 
microwave energy is transmitted. 







The subarrays are attached to the secondary structun 
at three points. They can be mounted as each con- 
centric ring Is completed or Immediately after each 
secondary structure is Installed {before other 
secondary structures are in place), or subarray 
installation can be accomplished after the entire 
antenna structure Is complete. 





2.2.3 Install phase 
control system 

2.2. 3.1 Interconnect 
electronics 
packages be- 
tween subarray! 

- 

Since each microwave generator acts as a separate 
radio transmitter, phase Information must be avail- 
able to each generator so thar system efficiencies 
are optimized. This is accomplished via an RF sig- 
nal sent from the ground to the HPTS, which is 
transferred through the subarrays to each microwave 
generator. 

e Electrical con- 
ductor connec- 
tion between 
subarrays (wave 
guides attach 
or wire connec- 
tors). 

e Electrical con- 
ductor length 
In 10 ■ Incre- 
ments. 

e On-site place- 
ment and at- 
tachment of 
conductors be- 
tween elec- 
tronics pack-^ 
ages. 

e Remote Inspec- 
tion of connec- 
tions. 



For phase control, the subarrays are Interconnected 
in series, with 8 to 16 subarrays per group. The 
subarrays in each group are connected electrically 
(waveguides or wires). This interconnection is ac- 
complished through the electronics packages, and 
can be done at any time after the subarrays in any 
concentric ring are mounted on the secondary struc- 
ture or after all subarrays are mounted In the HPTS. 





2. 2. 3. 2 Install RF 

lines from ref- 
erence subar- 
rays to sub- 
array groups 


In order to bring the phase control signal sent from 
the ground and received at the center of the anten- 
na to the subarray groups (^700) over the HPTS sur- 
face, RF lines f^700 transmission lines) are routed 
from the antenna center to the first subarray in 
each subarray group. 

These lines can be attached at the antenna center 
as soon as the first concentric circle (with sub- 
arrays) is complete, and the connections can be 
completed as soon as the outer subarray groups are 
placed. Alternately, the transmission lines can 
be attached as a single task after all subarrays 
have been mounted in the HPTS. 

a RF transmission 
line attachnent 
mechanism. 

e m700 RF trans- 
mission lines, 
max length « 
500 ffl. 

e Placement and 
attachment of 
- lines to sub- 
arrays (both 
sides). 

e Attachment Of 
lines at sub- 
array end, aft- 
er Initial at- 
tachment of 
lines as part 
of that subar- 
rey group fab- 
rication. 

2.2.4 Install power 
distribution 
system 

2.2.4. I Install switch 
ge'irs 


The microwave energy transmitted to earth from Mie 
RTA is that energy collected by the SECS, trans- 
ferred to the HPTS as DC power over the joint 
and distributed to each microwave generator. Each 
subarray, as mounted in the secondary structure 
(step 2. 2. 2. 2), contains the wiring for power dis- 
tribution from the electronics package within the 

e Transfer tech- 
nique to carry 
switch gears 
to antenna, 
e Electrical con- 
■ductor attach- 
ment method. 

e 16 switch gears 
2000 kg (4400 
lbs) each, 
e Conductor 
length switch 
gears to ball 
joint bus: 4 

e Installation 
and attach- 
ment of switct 
gears. 

e Installation 
and attach- 
ment of wlrlni 

e Honltorlng/in- 
spectlon of 
wiring connec- 
tions, switch 
gear attach- 
ments. 
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Table 3. 3. 3-1 (Continued) 


* 

If 


TASKS 



EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

kEDDIREHENTS 

MAN'S ROLE 


TASK DISCUSSION 

(Hass, Distance, 

MAXIMUM 

MININIM 





Size, Etc) 

USE OF HAN 

USE OF NAN 

2. 2. 4. 2 Attach elec- 


subarray to each microwave generator. 


8~600 ra; 4 B 

from switch 


. trical conduc- 



-»S00 ra; 4 B- 

gears to ball 


tors from RTA 


Sixteen switch gears are required, mounted Ip two 


400 m; 4 B-'SOO 

Joint bus. 


bus to switch 


rows of eight along the antenna axis, as the Inter- 


m. 

1 Installation 


gears 


face between the power from the SECS and the Individ- 


a Conductor lengtl 

and attachment 



ual subarrays. These switch gears are attached to 


switch gears to 

of wiring to 


2. 2. 4. 3 Install elec- 


the antenna structure within the secondary structure. 


distribution 

distribution 


trical conduc- 



points (main 

points. 


tors from 


Electrical conductors are then attached from the 


lateral path): 

a Installation 


switch gears 


switch gears to the RTA bus (2. 2. 2. 3). These lines 


4 B 500 m; 4 » 

and attachment 

• 

to distribu- 


would be placed along the antenna structure radially 


400 m; 4 B 300 

of wiring be- 
tween subarrays 


tion points 


to thf antenna center, then axially (elevation Joint 


m; 4 B 200 tn. 




axis) to the RTA Joint bus. 


plus •>1000 



2.2. 4. 4 Install elec- 




wires average 



trical conduc- 

- 

Electrical conductors are also placed laterally from 


length 100 m. 



tors at 


each switch gear to distribution points In each an- 


a Intersubarray 



tributlon 


tenna quadrant. EAch switch gear services between 


wiring 10 m 



points between 


100 and 400 distribution points depending upon Its 


Increments, max 



subarrays 


location on the axis. Depending upon the distance 
from the antenna center, these distribution points 


length 30 m. 





transfer power to one, two, or four subarrays. Wir- 
ing between subarrays at such distribution points 
must also be placed. 





2.2.5 Install pointing 


TBD 





control system 







2.2.6 Build Joint sup- 


Support arms (beams) are attached to the edge of the 

a Capability to 

• Extension 

a Resupply beam 

a Resupply and 

port arras 


outer (4th) HPTS concentric ring subst'^cture and 

transfer mat- 

structure:. 4 

fabricators 

manipulator 


the extension structure Is built to house the power 

erlal over 

B-SO ra; 4 B 

a Perform on-sitc 

operations from 

2.2.7 Build extension 


conversion equipment (step 2. 2. 8.3 below) and pro- 

extension 

20 m (4.3 m 

Inspection and 

shirtsleeve en- 

structure 


vide an attachment point for the RTA. 

structure to 

triangular). 

monitoring of 

vtroment. 




support arras 

Support arms: 

beam Joints, 





truss work. 

4 B 65 ID long. 

electrical con- 





e Stabll Izatlon 

4 B 25 m: 10 B 

doctor attach- 





system 

30 m (4.3 m 
triangular) 

ments. 

a Manipulator 






operation 


2.2.8 Install rotary 


The RTA structure Is delivered to CF-29 as a unit 

e Manipulators 

a RTA- 20 m dia 

a Manipulator 

a Remote opera- 

transformer 


and attached (via latitude actuators) to the exten- 

to put RTA as- 


operation. 

tion, monitor- 

assembly (RTA) 


Sion structure. The RTA assembly (Including the 

sembly In 


a Electrical 

Ing. 



latitude actuators) Is locked to prevent Inadvert- 

place. 


conductor 

2. 2.8.1 Attach RTA to 


ent rotation during HPTS construction. 

e Locate and at- 


attachment. 


extension 


tach power 




structure 


Power conversion equipment Is Installed within the . 

conversion 






extension structure and electrical conductors are 

equipment. 




2. 2. 8. 2 Install power 


Installed from that equipment through the extension 

a Electrical 




conversion/ 


structure to the HPTS Interface. Finally, the 

conductor 




filter unit 


vernier linear actuatoiL halves are attached between 

attachment. 









A. , , 


*t 











• Mi; -» ■ 



Table 3, 3,3-1 (Continued) 


NAN'S ROLE 



■ 

1 

1 

EQUIPMENT 

REQUIRD1EHTS 

■iim 

NAN'S ROLE 

TASKS 

1 

TASK DISCUSSION 

(Mass, Distance. 
Size. Etc) 

NAXIHUN 
USE OP NAN 

NININUN 
use OF NAN 

Z.2.8.3 Install electri- 
cal conductors 
from power con- 
version unit to 
HPTS Interface 

1 

the RTA and the extension structure. 

! 





2. 2.8. 4 Attach halves 
of vernier lin- 
ear actuators 






, 

3.0 BOOST ELEMENTS TO 
GEO 

3.1 SPS Modules 

3.2 Construction Facil- 
ities 


The construction crews would return to earth while 
the SPS modules are transferred to GEO. The trans’ 
fer will be controlled from the ground. Minimum 
crews will be launched to GEO to arrive when the SPS 
modules arrive. 

- 

1 SPS module mass 
^0 a 10® kg. 

1 Nodule with 
HPTS mass « 32 x 
10® kg. 



3.3 Manned Modules 

4.0 ASSEMBLE SPS 

4.1 Join Modules 

4.1.1 Maneuver mdules 
together 


The modules will be maneuvered together by use of 
the OTVs. The SC facilities will fabricate connec- 
tor beams and will connect the SC edges. Methods 
are TBO. 

1 Use CF equip- 
ment. 


e Attachment of 
beams. 

e On-site contro' 
of equipment. 

e Remote control 
of OCSE. 

4.1.2 Attach modules 
at SC edges 







4.1.3 Install trusses 
between PCSs 


Additional spinal trusses must be Installed between 
the four PCSs. These are the power carrying trusses 
that would be unique assembllts. These trusses 
would be fabricated from facilities carried to GEO 
or would be preassembled In HF-1 and transferred to 
GEO. Because of the large span between PCSs, maneu- 
verable vehicles are envisioned for Installing these 
trusses. 

e Maneuverable 
vehicles for 
Installing 
spinal trusses. 

e Span between 
PCSs~4SOO m 
(«>2.8 miles). 

e Attachment of 
spinal truss, 
e Direct control 
of vehicles. 

e Remote control 
of vehicles 
and OCSE. 

4.2 Install HPTS 

4.2.1 Maneuver HPTS to 
SC edge 

4.2.2 Attach HPTS sup- 
port structure 
to SC structure 

i 

After all modules are In GEO. the HPTS will be un- 
docked from the SC and maneuvered to the edge of the 
SC. One of the SC construction facilities will be 
used to make the connection of the HPTS support 
structure to the SC. 

e CF-29 maneuver- 
ing capability, 
e SC construction 
facility ade- 
quate for KPTS 
installation. 


e Make mechanic- 
al connections 
between HPTS 
and SC. 

e Direct opera- 
tion of OCSE. 

e Remote control 
of OCSE. 
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Table 3. 3.3-1 (Conoluded) 





EQUIPMENT 

REQUIREMENTS 

MISCELLANEOUS 

REQUIREMENTS 

MAN’S ROLE 

TASKS 


TASK DISCUSSION 

(Mass, Distance, 
Size, Etc) 

MAXIMUM 
USE OF MAN 

HININUN 
USE OF NAN 

4.2.3 Connect power 
distribution 
system 


When the MPTS is connected, electrical connections 
will be made between the power transfer SC strut 
and the rotary transformer Joint (see 2.2). 

e SC construction 
facility usage. 


a Make electrical 
connections. 

• Direct opera- 
tion of OCSE. 


5.0 ACTIVATE SPS 


The following tasks are required to complete the 
construction activities and make the SPS operational. 





5.1 Activate Attitude 
Control Systems 


The attitude control systems will be activated and 
checked out. 

• Systems CtD 
area In IMF. 


a Systems moni- 
toring and con- 
trol . 


5.2 Maneuver SPS to 
Solar Orientation 

, 

The SPS will be maneuvered to the desired orientation 

- 


a Systems moni- 
toring and con- 
trol . 


5,3 Unlock MPTS Joint 
Activate and 
Point HPTS 


The MPTS Joint will be unlocked (see 2.2.2), The MPT 
will be pointed and the automatic steering control 
system will be activated. 

5 

1 


a Systems moni- 
toring and con- 
trol . 


5.4 Check Out Subsys- 
tems 


All SPS subsystems will be checked out before and 
after activating the SPS power systems. Charge the 
NjK system Imnedlately before focusing the facets 
activating the PCS. 



a Systems moni- 
toring and con- 
trol. 

e Operation of 
NaK loading 
system. 

a Connect NflC 
loading system. 

5.5 Detach and Remove 
Construction “^a- 
cimiet 


•m 

After the SPS Is operational and verifications are 
complete, the construction facility Is removed and 
maneuvered to another construction site. This will 
require some structure dlsassambly and separate 
removal of Installers. 

# Capability to 
disassemble 
structure and 
remove Instal- 
lers. 

e Transfer veh- 
icles. 

« 

e Direct dlsaia- 
ambly tasks. 

% 

t Remote control 
of OCSE. 

* 



I 





.... . 







THERMAL SPS 
CONSTRUCTION STEPS 


1.0 ASSEMBLE CONSTRUCTION FACILITIES 

1.1 Construct CF-1 thru CF-4 (PCS) 

1.2 Construct CF-5 thru CF-28 (SC) 

1.3 Construct CF-29 (MPTS) 

1.4 Construct HF-1 (LEO Hfg Facility) 

2.0 CONSTRUCT SPS 

2.1 Construct Individual Modules (4) 

2.1.1 Construct PCS (4) 

2.1.2 Construct Solar Concentrator; 
(SC) 

2.1.3 Construct/Install Power Dis- 
tribution System 

2.1.4 Prepare SPS Elements for 
Transfer to GEO 

2.2 Construct MPTS (1) 

2.2.1 Assemble MPTS Substructure 

2.2.2 Install Subarrays 

2.2.3 Install Phase Control System 

2.2.4 Install Power Distribution 
System 

2.2.5 Install Pointing Control 
System 

2.2.6 Build Support Arms 

. 2.2.7 Build Extension Structure 

2.2.8 Install Rotary Transformer 
Assembly (RTA) 

3.0 BOOST ELEMENTS TO GEO 

3.1 SPS Modules 

3.2 Construction Facilities 

3.3 Manned Modules 

4.0 ASSEMBLE SPS 

4.1 Join Modules 

4.2 Install MPTS 

5.0 ACTIVATE SPS 

5.1 Activate ACS 

5.2 Orient SPS 

5.3 Unlock MPTS Joint, Activate and;, 
Point MPTS 

5.4 Checkout Subsystems 

5.5 Detach and Remove Construction 
Facilities 


MONTHS FROM START 



8 9 10 11 12 13 14 15 


Figure 3.Z.Z-7 Boei-ng Thermal SPS Construetion Ttmeline 
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There the modules aud MPTS are maneuvered together and Joined at the SC edges. 

The construction of the spinal truss between the PCSs is completed and the 
power transmission system is connected. The heat transfer systems are charge 
simultaneously with focusing the solar radiation into the PCSs and activating 
the generator systems. The construction facilities are left in place as an 
aid in performing maintenance during the operational phase. 

The functional analysis and construction schedule for the Boeing thermal 
SPS are shown in Table 3. 3. 3-1 and Figure 3. 3. 3-7, respectively. Approximately 
6u different construction steps are identified, and over 65 specific equipment 
requirements were established. These equipment requirements may include logistics, 
construction equipment, or construction support equipment. Other miscellaneous 
requirements Identified in the table may also encompass these categories of 
equipment. The maximum and minimum potential uses ofmman during construction 
and assembly are also described. 


3. 3, 3. 3 BT Oytion - Option A to the baseline construction method assumes 
the SC bowl structures are installed using a long boom, with traveling manipu- 
lators and cargo transporters, similar to the concept shown in Figure 3. 3. 3-8. 

The baseline strut beam builders would be located at the SC periphery and would 
continue to fabricate SC bowl structure beams. The boom assembly would transfer 
the beams and Install them. This concept eliminates the need (in the baseline) 
for the beam builders to "walk along" the SC structure during assembly. The 
boom pivot area could also serve as a logistics supply area for preassembled 
secondary structures and reflector facets . This eliminates the long transfer 
distances from the PCS facility. This SC facility would be left in place for 
operational maintenance activities, such as removing deteriorated reflector facet 
layers. 



Figure 3. 3.3-8 Long Boom Use in BT SPS 


3. 3. 4 Miarowave Power Transmission System (MPTS) 


3. 3. 4.1 Overvieu} - The microwave power transmission system (MPTS) 
accepts DC electrical power from the collector portion of the SPS, converts 
this power to microwave energy and beams the energy to an earth receiver 
(rectenna). For the purposes of the study, a single MPTS configuration was 
applied to the three SPS baseline concepts. For each concept, however, a 
different MPTS joint (physical connection between the collector portion of 
the SPS and the MPTS) configuration was assumed. 

Except for the possible utilization of any one of three joint concepts 
(ball joint, rotary joint or rotary transformer assembly) and for differences 
in scheduling dictated by the overall SPS construction scheme, the MPTS assem- 
blies are the same for any of the baselined SPS concepts. Each MPTS (two 
required for the column/ cable and truss type, one for the thermal SPS) is a 
1-km diameter antenna which is built outward from its center in concentric 
rings of substructure. 

Figure 3.3.A-1 shows the major structural components of the MPTS. 


CONCENTRIC RINGS (4 WHEN 



65 X 130 METERS 

Figure 3. 3.4-1 MPTS Major Struotural Cmponents 


Additional subsystems which provide for power distribution, phase control and 
antenna pointing are mounted within the main structure. The joint between the 
MPTS and the main body (collector) of the SPS allows the antenna to rotate a 
full 360° about one axis and to pivot 15° in the plane of another axis. This 
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rotation Is required to insure that the antenna can achieve proper pointing 
to the earth-based rectenna. 

Figure 3. 3. 4-2 shows the sequence of major construction activities. The 
construction equipment used to assemble the rings and place the secondary struc- 
tures /subarrays would be mounted either at the end of the extension structure 
near the joint (working from the bottom of the antenna) or at the top center 
of the first ring. 

J. S. 4. 2 MPTS Constimotion Aotivities - Construction of the MPTS is 
accomplished concurrently with the main body of the SPS. For the column cable 
>nd truss concepts, the MPTS is assembled while physically attached (via the 
extension structure) to the main SPS; for the thermal engine SPS, the MPTS is 
assembled apart from the concentrator/ collector modules and attached to the 
edge of the modules after assembly is completed. 

The physical interface between the MPTS and the solar collector is an 
extension structure, which is long enough to provide clearance between the 
main SPS structure and the antenna for pointing. The joint, which accomplishes 
the two-axes pointing, is mounted at the end of the extension structure. 
Additional structur-il elements (support arms) attach the joint to the main 
MPTS substructure. 

The functional analysis and construction schedule for the MPTS are incor- 
porated into the analyses made for each SPS concept (see Tables 3. 3. 1-1, 3.3.2- 
1 and 3. 3. 3-1 and Figures 3. 3.1-7, 3. 3. 2-6, and 3. 3. 3-7). 

a. MPTS StTuoture - The main substructure of the MPTS is made up of four 
concentric rings of framework; each frame is 130 meters long by 65 meters high, 
and the rings contain 6, 12, 18, and 24 frames around their respective circum- 
ferences. Successive rings are connected via radial cables which provide 
support by holding the frame structures in hoop compression. Secondary struc- 
tures, of roughly triangular shape 130 meters on a side and 7 meters high, are 
mounted to the top of the frames between concentric rings. These structures 
are folded into rectilinear packages for delivery to the construction site 
and "pop out" for deployment. Figures 3. 3. 4-3 and 3. 3. 4-4 show the main com- 
ponents of the MPTS structure in detail. 

h. MPTS Subsystems - The major subsystems of the MPTS are power distribu- 
tion, phase control and pointing control. In each case, the primary interfaces 
are contained in the subarrays which are the prime active components of the 
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Install Joint 


Attach Secondary Structure 




Completed Antenna 




Figure 3. 3. 4-2 MPTS Construation 



Figure 3.3.4-S MPTS Construation - Extension Struature/Joint/lst Conaentria Ring 


III-68 


MPTS. Each subarray acts as a microwave transmitter to earth. These subar- 
rays (7854) are mounted individually to the top surface of the secondary 
structures (see Figure 3. 3.4-5) and contain from 10 to 40 microwave genera- 
tors (klystrons) each. Electronics mounted on each subarray Interface with 
the power distribution, phase control and pointing control systems as required. 

Figure 3. 3.4-6 shows the MPTS power distribution system, as seen from the 
back surface of the secondary structure. Power conductors from the joint are 
routed to 16 switch gears mounted along the antenna diameter in the secondary 
structure. Additional conductors carry the power from each switch gear to 
distribution points in subarray groups. Wiring internal to the subarrays then 
takes the power to each microwave generator (for transmission to earth) . 

The phase control system is deplctp^’ in Figure 3, 3.4-7. The phase dif- 
ferences of the microwave signals transmitted to earth from each klystron are 
minimized' by inputlng a reference signal to each klystron. This signal is 
received from the ground at the center of the^MPTS and transmitted to subarray 
groups via RF lines. Additional lines carry this signal to the individual 
subarrays in the group. Wiring Internal to each subarray then takes the sig- 
nal to each microwave generator. 

Antenna pointing is controlled by a computer (mounted in the secondary 
structure) and achieved via the drive system associated with the joint. 

Pointing error signals from the ground are received at seven reference sub- 
arrays and transmitted to the computer for comparison. Pointing commands are 
then sent to the drive system. Figure 3. 3. 4-8 shows the MPTS pointing control 
system. 

Q, Jo'tnta - A different Joint concept was applied to each of the three 
SFS concepts studied, although these concepts are interchangeable in that any 
could be utilized with any of the SPS concepts. For the purpose of this study, 
the ball joint concept was employed with the column/cable SPS, the rotary 
joint with the truss-type SPS, and the rotary transformer assembly (RTA) 
with the thermal SPS (refer to Figures 3. 3. 4-9, 3.3.4-10, and 3.3.4-11). 

The ball joint (column/cable SFS) is small enough to be delivered to the 
MPTS construction site as a unit, where it is attached to the extension struc- 
ture. The ball joint (7.5 meter dla.) is not a load bearing attachment but 
acts only as the point of rotation for the antenna assembly, and as the path 
for transfer of electrical power between the solar collectors and the 


c 


Frame Structure - 1st Concentric Ring 


• i 


t 

\ 


Figia>e 3. 3. 4-4 


M'PTS - ConaentT? 


Tuoical Subarrav - 15 Elemt 





Distribution)' 


Figure 3,3.4-S MPTS - Subarray Plaoment in Secondary Structure 
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Figure 3. 2^ 4-6 MPTS Power Distribution System 


iypical i\mwt - 1$ ucwfffS 


ANTtiMA . IIM 



Figure 3. 3. 4-7 MPTS Phase Control System 
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transmitting antenna. Actual antenna pointing is accomplished Td.th control 
moment gyros (CMGs) under the control of a computer mounted x^ithln the antenna 
structure. A massive counterweight system is utilized to equalize moments of 
inertia about the pointing axes and minimize gravity gradient effects. 

The rotary joint (truss-type SPS) contains trro Independent drive systems 
for azimuth (360°) and elevation (+7.5°) pointing, and acts as both the struc- 
tural attachment between the SECS and the MPTS and as the pother transfer path. 
Since the rotary joint is relatively massive, its structure and drive systems 
are built and assembled in orbit, as the initial steps of MPTS construction. 

The baselined thermal SPS concept utilizes the third distinct joint con- 
figuration, the rotary transformer assembly (RTA) , between the solar collec- 
tion system and the transmitting antenna. The RTA is similar to the ball joint 
concept for the column/ cable SPS in that it acts as the point of rotation for 
the antenna, and as the power transfer path. 

Since the thermal SPS generates AC power, the RTA Includes power conver- 
sion equipment (mounted within the extension structure) to produce a DC input 
to the microwave generators in the antenna. The extension and support struc- 
tures for this concept are similar to those used for the ball joint concept, 
except that the extension structure is just long enough to house the power 
conversion equipment and that the support structure is attached to the side 
not the base, of the MPTS. The RTA/ extension and support structure/MPTS 
construction and assembly procedure is accomplished in LEO; attachment of the 
RTA to the solar concentrator frame is completed in GEO. 

3. 3.4,3 MPTS Con&truQtion Options - Several options to the baseline MPTS 
construction technique exist, and are briefly* described in the following para- 
graphs. Each option implies construction activities or equipment requirements 
which differ from the baseline, and present different functional requirements. 

Option A - After the first concentric ring of the MPTS is completed, with 
secondary structures placed on the top of the first ring frames, construction 
of succeeding rings can be accomplished by using the secondary structures as 
the asserably/support base for the ring frames. Secondary structures for the 
second ring can be attached along one side to the secondary structures of the 
first ring (and attached to each other as succeeding structures are placed); 
then the frames of the second ring can be attached underneath the outermost 
sides of the second ring secondary structure. Three permanent attachments 
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would be made between each secondary structure and the underlying frames; 
temporary attachments would be made between the secondary structures. After 
the secondary structures and frames of the second concentric ring are in place, 
radial 'tables betv;een the first and second ring frames can be installed and 
the temporary intersecondary structure attachments can be removed. 

Ontion B - To minimiee the necessity to work within the secondary struc- 
ture at the back of the subarrays to connect electrical conductors and UF 
lines for the power distribution, phase control and pointing control systems, 
an alternative construction approach can be used. After the secondary struc- 
tures are attached to the substructure Cframes) and prior to attachment of 
the subarrays, the power conductors between the switch gears and the distribu- 
tion point, the RF lines, and the pointing control wiring between the computer, 
drive system and positions of the reference subarrays can all be placed over 
the secondary structure. The lines could be tied to the structure at appropri- 
ate support points and contain connectors at the end for ultimate mating with 
the proper subarray. Intersubarray conductors for the power distribution and 
phase control systems can be made a part of initial subarray fabrication; con- 
nections between subarray would be made when the subarrays are attached to 
the secondary structure. (The subarray design would have to allow for cloc.r- 
ance far the various conductors between the subarray back face and the secendary 
structure. ) 

MPTS ConBtTUCtion Oration C - It is assumed that the subarrays, as fabri- 
cated in and delivered from the manufacturing facility, include in preprogrammed 
lengths and positions all the required E.F lines, electrical conductors (for 
the power distribution system), and pointing control wires. The transport, 
handling and fastening of these individual elements after subarray installa- 
tion in the secondary structures is no longer required. This assembly option 
requires that each of 7854 subarrays be designated for a specific location on 
the tlPTS surface. This would allow the phase control lines (RF), power dis- 
tribution conductors, and pointing control lines to be incorporated into the 
subarrays during their fabrication in the MF. As each subarray is attached to 
the surface of the secondary structures during MPTS assembly, the Inersubarray 
connections would have to be accomplished (either automatically or via manual 
operations). 

Such an assembly technique would eliminate the requirement to locate and 
support long (up to 500 me ter- lengths) RF or signal lines at the back side of 
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the subarrays within the secondary structure after initial subarray instal- 
lation* Long-length conductors must still be installed, however, between the 
16 switch gears mounted in the base of the secondary structures and the sub- 
array distribution points (groupings of one to four subarrays). Up to 1000 
distribution points, at distances of up to 500 meters from the switch gears, 
will be located on the MPTS. Thus, although this construction option elimin- 
ates some "cable stringing" requirements, it does not eliminate all such 
requirements and also adds complexity to subarray fabrication and installation. 

S. S. 5 Consideration of Man' a Partiaivation Durincf Construation 

The functional analyses tables presented in the proceeding paragraphs for 
each SPS concept contain a preliminary assessment of man’s potential role in 
each construction task. Both the maximum and minimum possible use of man are 
identified in the tables so that the potential extent of man’s role during SPS 
construction could be measured against the use of automated equipment. 

Previous manned space programs, especially Skylab, have amply demonstrated 
man's utility in space and have provided large amounts of empirical data to guide 
the functional allocation between man and machine in new space systems designs. 
The approach was to survey previous efforts and to modify these efforts with 
MMC's experience, resulting in a definition and catalog of man's capabilities 
and limitations. The functional allocations between man and machine for actual 
construction were based on tradeoffs of several criteria. One of the primary 
criteria was the number of times a particular function must be performed. 

The more frequent functions could be allocated to a machine with the development 
cost amortized over many operations. The infrequent functions could be assigned 
to man, depending upon additional criteria. These other criteria include the 
availability of man and the hazards associated with using him. 

Man's participation modes range from shirt sleeved control of equipment 
operations from a remote location, to a suited mode for direct EVA tasks. 

Figure 3. 3.5-1 depicts the various potential roles anticipated for SPS construc- 
tion. 

The primary reasons for placing man in orbit to support orbital construc- 
tion are his judgment and flexibility. Potential EVA tasks are considered to 
be options, where man can efff?atively perform infrequent or contingency type 
operations . 


Dunea 


Shirt Sleeved 


Basic 
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Figure 3. 3. 5- 1 
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Man's Construction Task Participation Modes 


Manned EVA can be used for force applications sucb as that required for 
aligning and mating parts where the man can react against a handhold, foot 
restraint or other hard point. Man, even though encumbered by the pressure 
suit and thick pressurized glove, still has high dexterity compared to a 
machine. This dexterity can be used for assembly of small or odd shaped parts, 
repair and resupply. 


Man's visual acuity makes him very valuable for precision visual inspection; 
however, x-ray and other sensors may be more valuable for other situations. The 
EVA crewman can perform effective qualitative inspection of cables and joints, 
although torque meters, strain gages, and other sensors may be required for 
more quantitative inspection. Man is also very adaptable for performing con- 
tingency inspection such as visual sightings for alignment measurements and 
electrical measurements at suspect connectors. 

Based on the mission scenarios, functional analyses, guidelines and man's 
availability, the crewman's performance participation should be evaluated on an 
integrated mission level. Table 3. 3. 5-1 presents a listing of the major param- 
eters that should be considered in developing and displaying the feasibility of 
using man in space. 

Table S.Z,S-1 Mafi's Pco?Mcipation Farameters 


« Distance from worksite to shelter » 

• Accessibility to worksites • 

• Accessibility to work tasks e 

• Configuration of worksite • 

« Masses manipulated 

• Joining techniques/fastener types * 

« Visibility constraints ^ 

9 Construction base support 

facilities and interfaces 


Number of times task is repeated 

Duration of each task 

Metabolic work loads 

Radiation environment and parametric 
shielding requirements 

Thermal environment and control 
requirements 

Mi crometeoroid env i ronment 

Contamination-sensitive areas at 
worksites 


The major problem in utilizing man in GEO is the long-term effect of radia- 
tion, which is minimal in low earth orbit. To reduce the radiation dose to man, 
a composite shield is required which is comprised of a low-density material to 
absorb electrons, followed by a high-density material to deflect the Bremsstrahlung 
(penetrati-ag secondary x-rays). The high-energy protons resulting from solar 
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flares present a more difficult shielding problem than electrons. Therefore, 
a strategy based upon solar prediction, coupled with a well shielded area 
of retreat, may be applicable. Since the effects of radiation are cumulative 
X'^ith time, the longer a crew is on-orbit, the more time spent in suited EVA, 
and the less protection received from the EVA suit, the more protection the 
habitat must provide. 

The predicted effects of radiation on man are severe for foreseeable 
GEO dose rates (reference, Bioastronautics Data Book, NASA SP-3006) . It 
appears that to protect the GEO cre^-Tman from any predictable effects of 
radiation, the weight of the shielding and/or the frequency of crew rotations 
may be prohibitive. Table 3. 3. 5-2 summarizes the relationship between radia- 
tion dosage, time xn GEO and shielding required. 

Table S. S. S-S Ionizing Eadiation in GEO vs Sliielding Thickness 


ACCUMULATED DOSE 
(REM) 


EFFECTIVE ALUMINUM THICKNESS REQUIRED IN GEO 

TIME 

FOR QUIESCENT SUN (MILS) 

FOR ACTIVE SUN 

270 

365 Days 


800 

130 

120 Days 


700 

70 

30 Days 

220 

380 

50 

7 Days 

140 

270 

24 

8 Hours 

90 

130 


i Should cause no injury to blood fomiing system 
» probability of some change in ocular lens 

e Reduced fertility 

« At least a two year loss in life expectancy 
0 About 10% probability of male sperm mutations 

Despite the radiation hazard (which it is assumed will be effectively 
controlled), it is anticipated that man will perform both IVA and EVA 
functions in orbit. In either, he can perform directly with his hands as 
manipulators and eyes as sensors, or he can use controls and displays to 
perform the task, A man using controls and displays can use computing 
machines to augment his capabilities by simplifying (such as quickening) 
the display or control. The computer can assume some or all of the control 
function relegating man to an interactive supervisory or observer role. 
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Many of man's inherent capabilities are extremely difficult to build 
into a machine. Man is very versatile with the ability to easily change from 
performing one function to another. His adaptive capacities allow him to 
easily change his responses based upon previous feedback or observed anomalies 

However, most important of man's capabilities is judgment, which includes 
the ability to devise heuristic procedures and take action in the face of 
uncertainties. For example, man can estimate probabilities’ and eventualities, 
evaluate alternatives, perceive what is relevant and utilize previous experi- 
ences in novel situations, improvise, see relationships, select appropriate 
procedures, and usually arrive at decisions within existing time and environ- 
mental limitations. Table 3- 3 .5-3 sximmarizes the advantages and disadvantages 
Lil man's utility in space. 

Even with the program assumption to use automated equipment wherever 
possible, it is anticipated that man will play a continually increasing part 
in orbital construction assembly during the development progression. With 
the availability of man on orbit, he will also play an increasing role in 
contingency operations resulting in a higher mission success probability. 

Table 3. S. S-5 Man's Utility in Space 


ADVANTAGES 

DISADVANTAGES 

% Versatility 

• Adaptive capabilities 

• Ability to effectively utilize 
feedback 

• Ability to use judgment, devise 
heuristic procedures, and take 
corrective action 

' 

• Must work In tightly controlled 
life supporting environinent 

c Easily bored or fatigued with 
low vigilance reliability 

0 Limited channel capacity, compu- 
tational abilities poor, has 
trouble controlling parallel 
operations 

II Poor at producing rapid and 
uniform outputs 


S, 3 . 6 Siomavu of Results - Construction Scenarios /’Functional Analyses 

The detailed understanding of potential SPS configurations achieved by 
developing construction scenarios and functional analyses provided the basis 
for identifying OCSE requirements. That is, the scope of the tasks to be 
performed by the support equipment was defined in broad terms by giving 



visibility to the entire construction sequence. The actions to be performed 
upon separate SPS elements were identified as distinct steps in the assembly 
process. SPS elements are integral components, structural assemblies or sub- 
systems which together comprise a complete SPS. The depth to which the 
analyses of the individual steps were completed was sufficient to allow 
categorization of the requirements in generic terms. 
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3.4 Generic Processes for SPS Elements 

S. d. 1 GenoTia Pvooessoe Simnax'ies 

Based on the construction tasks identified in the functional analyses of 
the baseline SPS concepts Investigated, requirements were identified for per- 
forming the SPS construction tasks on each SPS element. These requirements 
are summarized in Generic Processes Requirements Tables 3.4. 1-1 thru 3. 4. 1-7. 
These tables were generated for each of seven particular processes. Cumula- 
tively, these processes encompass ail functions required during SPS construction/ 
assembly. Individually, each process is defined such that it includes a speci- 
fic type of activity. The SPS elements may involve activities relating to any 
or all of the generic processes. The processes are defined as follows: 

a. Transpoi't - To carry from one place to another (e.g. , take package of 
beams from logistics facility to remote installation site on SPS). 

b. Handte - To manipulate an item from one location and/or orientation 
to another, with specified placement requirements Ce*g*j take beam from fabri- 
cator and position it for attachment into structure) . 

c. AVtcjn - To position and verify an item is in a specific desired loca- 
tion prior to fastening (e.g., adjusting a beam location prior to welding the 
ends in place) . 

d. Fasten - To join, connect, or attach where some specific action is 
taken after positioning the item (e.g., welding or screwing joints together). 

e. kddus t - To reposition a previously fastened item (in orientation 
or location) by applying force through another element of the total system. 

(e.g., tensioning of cables, adjusting vernier) . 

f. Monttor - To evaluate conditions (e. g. , verification of alignment 
or viewing progress of adjustment by remote optics or direct viewing). 

g. Cheokout - To verify task completion or equipment operation (e.g., 
measuring instruments, display devices, and interpretation of data). 

Requirements v?ere identified for each process applicable to each SPS 
element, for every recognized task involved in the baseline construction methods. 
Unique tasks applicable to construction options were added as deltas. In addi- 
tion, tasks were added and analyzed for other construction operations in the 
maintenance and repair categories. Table 3. 4. 1-8 summarizes the general main- 
tenance tasks considered and potential application to the baselines. 
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Table Z.4.1-1 Genevie Process Siumary - Transport 




RiNCT10'<AL CmPACTEAlSTlCS 

SPS aDCKT 

SOURCE 

HUS (inlT/TOTU) 

COfiFtCURATtCM 

OlSTANCt 

PROCESS CYaES 

SUPPORT REQUIREKKTS 

C0H5TR4INIS 

ATTAOKHT CWSIDBUTIDIlS 

Facility Bians 
Mote: ^ans 
transported If rot 
handled, 

CK f,ciHty 
[1.1.4) 

36 kg each 

2.45 n triangular x 
110 n long 

50 to too B 

15 


Access on and through fact- 
lit/ frar«Hork. Begm 
assembled from thin mater- 
ials. 

AttachmeAt loads should be 
spread over large surface 
irei. 


IT fieintr 
(1.1.4) 

837 kg etch 

10 M triangular x 650 ^ 
long 

50 to 1300 B 

)ts 


Access on and through fict- 
Itty framework. Beam 
assmnbled fnx thin mater- 
ial. 

Attachment loads should be 
spread over large surface 
area. 


BT fiClltty 

218 kg etch 

0 n square x 125 « long 

Op to 300 B 

3 



Attachment toads should be 
spread over large surface 
area. 

Cotuiui K;;b BeaaS 

C/C (3.1) 

10 to 40 kg etch 

.2,45 ■ triangular x 5 
to 112 m long 

.^200 a 

31 


Access on and through faci- 
lity fraw««^rk. 6ea« 
assembled from thin nater- 
Uls, 

Attachment loads should be 
spread over large surface 
area. 

Cable Reels 
(fnw LF to Cf} 

A/R 

Secondtry tapes: 
*^10 kg each 
2400 kg total 

packaged - TBO 

Up to 13 Biles through 
space, Hp to 18 Biles 
Mlntalnlng structure 
contact. 

One 2400 kg package to 
each of 2 faclittlex. 
One IBOO kg package to 
each of 2 facilities. 



Packaged* 



Peripheral cable: 
£82000 kg each. 

Reel 


2 to each of 4 faci- 
lities. 



Reel packaged.- large 
vol(«<i IBS *4 tach« 

SoTir* Cell PicUgei 

C/C {4.1.3.I) 

Mailstra package 
uss 43,000 kg. 
Progressively less 
MSS per package* 

KixIiNn package 10 x 10 
* 6 peters. Progress- 
ively smaller packages. 

tJp to 13 allies through 
space, Up to IB alles 
maintaining structure 
contact. 

120 packages 



Packaged In groups. 

ConcentrAtor 

Miterfil 

C/C (4.1.3.1) 

Hastaon package 
nass £000 kg. Pro* 
gretslvcly lest 
pats. 

100 peter long rolls. 

Up to 13 Biles through 
space. Up to IB altes 
Mlntafnlng structure 
contact. 

240 rolls 



Packaged In groups of rolls. 

Solar Cell Btan1>ct 
InstilTers 

TT fjcillty 

O.Z.Z) 

Ksunt ‘ TM 
Total solar cell 
Mterfal 7 x 10^ kg 

End Kunts. haterlals on 
rolls 650 p long. 

Fro« LF to Installation 
point - 3900 Beters mx. 

Mounts - 24 
SC rolls - 4 
Cbnecfltratar rolls - 9 




CorKentrator 

Initillers 


Jlount *TB0 
Total Concentrstor 
Mterlal - 7 X IIP 
kg. 

Sd roll >14 ■ diameter 
If an one roll. 






Tension Cable 
[nitillers 

TT ficlltty 
(1.2.3) 

m 

TBO 

FroB LF to Installation 
point - 2600 reters mx. 

30 




Power Dhtrtbotion 
HAttiess Inttallers 

TT fAtimy 
(t.2.4) 

163,000 kg each 
installer (with 4 
12 cn cables on 
each Installer} 

TBO 

frOB LF to Installation 
point - 25CO meters max. 

4 [2 at each end well] 




Auxltliry FacIlUy 
Equipment 

TT recMIty 
0.2.5* 

TBD 

Propulsion rodules 
ACS nodules 
GK 1 G Dodule 
20 estimated 

Froa IF to Installation 
points - 3900 jreters max. 

r^ZO 

Provisions for aligning 
modules. 



AuAnUry SPS 
ETJlpaeat 

TT (1.1.11) 

355,000 kg Util - 
assiase 7000 kg each 

ACS e<odules» 

TasUlled krithln facility 
Up to 2600 meters. 



Propellant hazards If 

danaged. 




4000 kg total 
T80 per cnit 

] t C pcdu1 es 

Installed within facility 
Up to 2600 meters. 

TBO 






TBO 

Auxiliary ^gulpnent 
rountfng provisions. 

Installed within facility 
Up to 2630 meters. 

.^54 




FC$ Stanchfoss 

BT fAcIllty 

0.1. 4J 

p^ZSkg 

Rod with Use structure 

Up to 330 B 

4 (etch facnity) 




Cavity Atjsrber 
Shell 

rr (2.1.1. I) 

53,000 kg each 

20 X 29a panel sections. 

Up to 300 a 

sa (cich nxIaTe) 



Could package Into larger 
package. 

TtfrbcgereTAlor 

Sett 

BT (2.T.1.1) 

p/ 236,430 kg each 

Heavy rachinery and 
tanks Joined fn package 
^20 x25x5 a. 

Up to 300 B 

15 {each module) 



Could be broken Into 
smaller tmlU, 

SC fpjoewrk 

Setcr.d4rjr 

Structures 

BT (2.1.2.5) 

pfSOOO kg each 

Pep out strseUre deploys 
to 22S a equilateral 
irfaigTe * ID aeter 
Ihifck, 

Fr93 CF to Installation 
site: attached to SF5 
structure rwiSECD m rax, 
Free-flylitg m 27D0 a mx« 

762 (each £?S rodule) 





. iJCiiiiUTy OF THH 
*L PAGE IS POOR 
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Table 3, 4. 1-1 (Continued) 




njHCtiowu. CMPAntFisncs ^ 



SPS aKDfT 

SOURCE 

WS5 <owt/iaTM.) 

KUfflQIMTIOK 

OISTAHCE 

FRocess Class 

SUPPORT REQUIRUOfTS 

COimitAlKTS 

AnACWEMT COKStOCRAniMS 

{t<f1ecUf FaccU 

BT U.).2.() 

a/BS leg eich 

Hat hexagonal MterUI 
xtretched betveen ten** 
sign structures at 8 
side*. 

frcM Cf to iRitilUtloft 
site; attached to SPS 
structure *^5600 m mx. 
frie-flylngM270a ■ vax. 

17,000 (each S9S 
aoduU) 




H?TS 

BT (2,1 .4 .2 end 
4,2,i; 

i\ X io' ij 

Complete asscRbled XPTS 
Mlth rotary transforMr 
assfscbly. 

IWep of xlles. 

Z 

Station keep capability. 
Capture by Mnipuliter 
frox SC structure. 



' Spin&l TnitCel 
Eetkeen fCSs 

Bt «.1.3) 

TBO 

10 xeter trusses 

•m/4000 mtirs 

3 spans 




Ccnstrustlori 

a’itptKnt 

C/C ofttoo k 

ISO 

Kindling equipment for 
Installing SECS equip- 
went. 

6000 ixtefs fiXK CF to 
center of StCS supports. 

As required. 


TransportitloA Inside ICO 
Mtcr COlvMi is desfreable 
because of Min Cables di) 
outside of coltBn trust. 


Sotir Cftll 
P4:k4ijes 

C/C optfan A 

Unit pJcEioeS 4»000 
to S0,000 (g. 

Total par stde.of 
SECS 28.7 X 10^ kg 

Packages tO x 10 x by 
tMcIness of D.1 to 8 
neter*. 

Up to EOOO peter*. 

As riquired depending 
OR packaging. 




‘ fcKentfjitar Rail* 

C/C option A 

I'Mt tolls 4.0G0 
to SO, 000 kg. 

Rail* IDO beters Icng x 
up to l.Q Mters 8(i- 
Mter. 

Up to EOOO Mters, 

120 rolls per side 
of SECS 




Setcnitry Tap# 
Reef* 

C/C option A 

AflO kg each 

SmII reels. 

Vp to 1?,0M Mten, 

As required dipendlog 
on packaging. 644 
THIS tout. 




AutarsUi Ccn» 
*trwttfcn Eqylp- 
bent 

TT cpticti A 

TED 

TED 

Up to 2f(XI xters frM 
U, 

EsttMte 36 pUcas, 




SC 

Ccnstructfca 

£^Ulp::etit 

BT option A 

Esitnated 8,000 
kg. 

tong truss structure 
MlUt attached rebtle 
Mnlpulators. 

TBO 

tnsUlUd once. 




SoT«r Cell R>n 
and >lc*jnt* 

WC cjticn B 

Rolls « 48,000 kg 

MX. 

loo * long roll*. 

LFto CF - 13 eUe* FT, 
18 xllev atUched. 







^ts • 200 kg 
each. 


CF to Site - COOO Mtir* 





Rciuppty &«ia 

EiiHclers 

' 

Planned wnstheduTe; 
service. 

TBO 

Stock MterUI on rolls. 

IF to C/C CF - 13 xlles 
FFt la «nes on struc- 
ture. 

LF to TT teas builder - 
Z£00 oeter*. 

IF to 8T beaotulTder - 
2703 u free Hylrg, 

5£» n atUcted. 

A/R 

■ 



SPS Conrallty 
>teda!e* {e.g. m 
Tank*} 

Planned michedale: 

service. 

TED 

Corpact package cn order 
of 1 1A vatune. 

C/C - 13 PtiUs FF, 
ia nlte* cn structure, 
TT - up to 17 b> 

BT - up to 2700 B fret 
flying, ££00 a attached. 

A/A 


Heed to be hard etUcM to 
structure to Mkt i>od;si« 
exchange* 


FaatGAfng Cetlc* 
Resupply 

PU:rr.Cd unStheCulc: 

service. 

T£0 

KaterfaU used In fasten* 
Ing devices (e.g. kptd 
Mtertal, glue} 

C/C • Lf to CF 13 Biles 
Ff or 19 Biles cn 
structure, 

CF to fasteMf less than 
200 a. 

TT - Test than 4 tx» 

BT ♦ up to 2.7 n FF 
or 5.6 ta) attached to 
structure. 





LutrScetfcn 

PTarr.cd/.$cheijTcd 

calrtenance. 

Seylt unit eper- 
ated by EVA cr«»f*> 

tin. 

Lubricate constructlen 
equlpcent. 

C/C - 2X1 n 
TT- 4 to 
BT - 5.6 ka 



Envlronnent fw^ets end 
Induced effects. 

Assum EVA CTBiMn. 

Rcscve Reflcstcr 
feet te/e 

Plenned/scheCjled 

Bilntenarce. 

TED 

EVA croran cr rccute - 
central free flyer KT3, 

BIcnTy, 

Repeated for 67,000 
facets during SPS 30 

year life. 

OtspQsal stotege 

BoUntl.Hy hat w.lra* 
Mnt, 


ftellua ar4 K6R 
S/Stes KelKsfaB 

Pl4nrcJ/s::htdjTc3 

calr.traniR, 

CervlcB cart 

tTE3l.. 

Service cart vlth large 
BaK supply tank. 

BT cnly - up to 9 to 
free flying. 

*/R 

Assx:s reqjfres EVA erew- 
■en fir eperiting equip- 
Mat, 



Trt'.bTeif-^vttnj 

Ccnttr^cntles 

US - 225 kg 
esticote, 

T£3 

EVA crei«an vlth Instro- 
ments, 

R»cte ccntrolled view- 
ing device. 

C/C * vp to m'lS ka, 
TT - up to fa, 
8T- up tom^lO to. 



Er-virciveent 


Pen?Rr;»1 Rescye 

Csctitjoictas 

mEDO kg 

Single persen. 

C/C - cp ta a/ 16 to,' 
TT - cp to m/ 23 to, 
BT - V? to a»T 3 to. 

A/R 
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Table d. 4.2-1 (Continued) 




FUNCIIOPMI. CtMUCUmSIICS 

r _ __ 

Sn CLDCKT 

SOURCE 

mss (IMIT/IOTM.) 

COHFlGURATlOR 

DISTANCE 

PROCESS craEs 

SUPPORT PEQuiwEKKTS 

constaaints 

AnAOfCNT C0K51OCRAT1OMS 



TBO 

Kultipit person vehIcTt. 

In vicinity of facility. 





ihrtvrn F4fl»d 
firtt ta 5hop 

ContfnfertcUt 

Esttaeted 2fl > SCO 
lg« 

Kobtle/perublt conttrve- 
blon equlpntnt. 

Up to 6 bi, 

A/R 






Cstfaeted 
too - 2000 If, 

5PS operatlonel aodults 
{e,f» suUrreys) 

wrs - 1 fai 

C/C - 16 be frtR-flylng, 
22 be structure attached* 
TT - K be MX, 

£T ID bi MX, free- 
flying. 


Provisions for docking while 
removing module. 

Inter^brrnces In dense* 
S^cture ertas* 


ItvMir r«n»d 
nrii On.SItt 

C(Mt1n$«ncfes 

T»a t<lM ij 
<stptgsoi) 

Keterltl septretfon: 

- C/C end IT concentre- 
tor 

- BT reflector 

Up to 16 la. 
Up to 10 be. 

m 

EVA creman systere with 
repair klt. 

Environment. 




Senrice Cert (TW) 

(>1000 If ti\ 
plus CM) 

SyatM l«ek on ST PCS. 

Up to 9 be. 

A/Jt 

CrcMTkan operated leek 
detector. Leak and ser- 
vice cart* 

Envlroment. 




TS3 C<100 Ig tit 
plui CH) 

Ceblc breek: 

- C/C SECS support. 

* TT tens ton rods, 

• HP75 prtrery structure. 

Up to 14 be. 
Up to 15 bn. 
Up to 5 be. 

m 

EVA creirwn with repair Mt 
and: 

Free-flyep 

Environment. 

Prime cable Interfirencci, 




TBO «100 if tit 
pluE CHl 

Electrlcil Conductor 
breek: 

- C/C perlphere) cable, 

- TT power cible, 

- KPiS pfrwer cible. 

Up to ID be. 
Up to 3 be. 
Up to 1 in. 

V* 

EVA crewean with repair Mt 
and: 

Free-flyer 
Rail transporter 
Free-flyer 

Envlrorment 




Tit) I<10a tg tit 

plus at) 

Co*9ortnt rtpleciaentt 

- C/C ti pc reel » 

- TT ACS sensor, 

- BT traniforaer. 

Up to 14 be. 
Up to 15 be. 
Up to 5 be. 

k/K 

EVA crcMun with retired 
support e^lpMnt to 
handle changecut. 

EnvIrorwMnt 




7M {>200 kg ext 
plus C») 

Construction egufpp**nt 
repelr. 

Up to 4 be. 

WR 

EVA crv^Mian w|th repelr 
tool kit. 

Enviroivaent 


ton- • • 
djc(Grs (Between 
Oatftt \ SECS) 

Joint 

C/C ItPTS ^.2.1.3 
4.2»2.3 
TT M>T5 3*2.T,3 
»T WTS 

C/OPT5 4.2.2.1 

S3 kg/«ter 
C/C: 47»250 kj/ 
cenduttor 
TT: 63,000 kg/ 
conductor 
BT: 4,725 kg/ 
conductor 

C/Cj 750 * long each 
TT: 1 ka length etch 

ST: 75 wi 

17 PS die. *- 4 ceoduc- 
tors 

Cylinder* 11 P die, 

C/C; ir to KPTS 

12,7 »ius rr 

id alles attached 
TT: Cf to Joint - 1 ka 

LF to KH5 
12,7 Mites ff 
IS alles attached 

4 

1 

Mne 

None 

Cable avoidance (C/C). 
Cable avoidance (C/C). 

Could be transported on 
reels. 

Kane 

Secofxltry 

Structures 

SuUmys 

C/C MTS A.I.3.1 
TT KPIS 3.2.3.1 
6r K?IS S.2.T.T 

C/C X?TS 4.2,3.2 
nwTS 3.1.3.2 
BTKPtS 2.2.1. « 

C/C MTS T.2.4.2 
TTKPTS 3.2.«.2 
STWTS 2,2.2.2 

1(0/9240 If 
(308/20326 lb.) 

1200/11S200 If 

(264D/253440 

lbs) 

200/157D60Q la . 
(((0/3(55760 lbs) 

S5 n X 130 n recUngtei 
wjUi diagonal ceMu 

Triangle 130 ■ on each 
side. 7 n high. 

10 n X 10 H X ,25 M 
eeCh 

CFtoKPTS 
C/C: 750 a 

n; loco a 
BT: -<100 a 

C/C; IF to IflS 12,7 mI 
fp IB Ml attached 
TT: CF to »TS, 1 be 

BT; CF to KPTS. ^00 a 
C/C; IF to KPTS 12,7 mI 
FP, 18 alles 
attached 

TTS CF to KPTS, I ka 
BT: CF to )TTS,<100 irl 

56 

96 

785< 


Cable avoidance (C/£).' 
Cable avoidance (C/C). 

Probably transported In 
several packages (e.g. S 
43 n X 40 R X 40 A pack- 
ages) 

Et*ctron!ct f«ct« 
«Ses Inter- 
connects (»1rc« 
condvetors) 

e/e HfTS <.2.5.1 

nWTS 3.2.5.1 
6TMTS 2.2.3.1 


Small die, ID ■ lengths 
MCh, 

C/C: If to KPTS, 12,7 
mIUs 

F7* IS Miles 
attached 

TT: CF to KPTS 1 he 
BT: CF to ]f*T5/>]pO a 

^70W 


Cable avoidance (C/C). 


RF Mki 

C/C HPTS 4^2*5.2 
TTKPTS 3.2.S.2 
BT»TS 2*2.3.2 


Saall dta.» lengths 
between ID >nd 500 r. 

C/Ct IT to MIS, 12.7 
nllcx 

Ff. IS ntlu 
ittiChKl, . , 

TTt Cf to MIS I m 
•Tt Cf to mis, iw ■ 

«^00. 


Cable avoidance (C/C). 

Could be transported on 
reels. 
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Table 4, 1-^1 (Concluded) 





n.TiniCII4L CHMACIOUSTltS 


£?S ELDC?r 

SC'JSfE 

KTSS (BlIT/inTW.) 

CCJtntt’MTIM 

0ISTA.1CE 

FRQCES5 Cra^S 

SUPPORT REQUIRDCKTS 

cwTwiifrs 

ATTMJkCV CCMSIOCUnOitS 

Iwttch Csirs 

tiC H?T5 4.Z.6.1 

2C33 »3f?23:a »g 

Blackbox 

C/C; LF to K2I5.-12.7 «1 

16 


Cable avoftUnce (C/C )4 


TT H?TS 3.2*6.t 

4403 tfc/7C4nf tbs 


F7, 1 a rt attached 






GT H?7S 2-2.4. 1 



TT: CF to H»TS* 1 fca 
5TJ CTtoiS^»<10a 









voters 






Cl^ H?I5 4.2.6.Z 

15,75 Mm 

Lecstbsi 

C/C: LF to K7TS 12,7 a1 

J6 


Cable ivoldence (C/C), 

Heel 


TT WTS 3.2.6.J 

4 6 5)53 M cash 

4 D 6C3 o 

FF TB nt attached 






DT KPTj 3.J.4.2 

4 e 7375 kj each 

4 9 'BD n 

TT: Cf to «^S 1 Is 





scars) 

4 0 6733 M esch 

4 9 4C0 n 

BTl CF to BTSilOO 






4 D 4725 Kg «CH 

4 9 2:3 n 

SssU 41a <B.$ CD 41 a ea) 

reters 







C/Z H^T3 4-2. 6-3 

15.75 Mm 

U-ngt^S: 

C/Ci IF tJ HPTS 12.7 b1 

/v'lOOO 


Cable avofder-Ci (C/C), 

Rt»\ 


TThfTS 3.3.6.3 

4 9 7u7i kg each 

4 9 £00 

FT,1S nl Attached 






SrWTS 2.2.4. 3 

4 0 67:3 kg each 

4 0^430 0 

IT! CF to »TS 1 bi.tl 





t1S?» C3tr;ts) 


4 9 4725 kg each 

4 9 aoa a 

BT* CF to H*TS«10Q CO 






4 • 3153 kg each 

4 9 20-3 H 

(Mtert 







K:g 9 1S75 kg 

lOCO 9 100 « 






£Tc:trJc«T fen* 

C?D «?T5 4. 2. 6.4 


(O.S m dU eadt) 
10 0 lengths 

C«; IF toK?rS 13 hi 

4sx7DC^ 


Ceble eva1dar,ce (C/C). 


tf-jctcrs ro dJstn- 

TT H?TS 3.2. 6.4 



FF^IB rtl attached 






BTH?TS 2. 2.4.4 



TT: CF to 1 ka 





t«Crt S.ytjrrjyi} 




BT: Cfto^PTS^lOO 









Be tars 





Si.jpart.Cca'^ - 
fCantfiTVti CtffiS 

CIZ H?TS 4.2.J.T 

54/C4S3 kg 
(119/14Z5S tbs) 

tS3 0 teng each 

CF to H?TS €-753 wtera 
tS.5 D&) 

120 





C/CWTJ4.8-J.2 

to® kg 

50 a X £3 0 X 50 9 

IF to K?TS 13 011,5 

1 (unless trans* 




[1r.:1uii!*5 CKiJi 


FF, tB nlles Atuched 

ported In pieces) 




Crratcr 

C/CHPT5 4.2.B.1 
TT K?TS 342.B.1 


T£3 

C/C: LF to H?15, 13 ol 
FF.,1B n1 attached 

t 


Cable and stmeten 
•vs!de.nce. 





TT; CF to HPT5 1 k« 





Ufriri (ietwen: 

C/ClC’TS4.2.a.2 


lenqtftx: 

C/C: If to cotoFJter 

8 lines 


Ceble aod strode re 
fivotdancv. 

Reel 


TT M?T5 3.2-8.2 


3 f 15 Mtert 1 00 

13 oltes 






2 9 203 Deters > 1 

FF.1B hi attochri 








2 9 733 ceters J TT 

TT: CF to co»vtrter 





tcanttrwjt-'f far 



BtuK 1 » 625 11 for C/C. 

1 ka 





tfZp ratary jjInS. 

fer TT> 



1 9 100 w forTT 






Drive Systen and 
fever Transfer 
Heshanfta fin ro* 

n M?T5 3,2.2.2 
3.2.2.3 


IB3 

CF to rotary Joint 
axfnuth Joint and elcri* 
tion joint 1 ta. 

1 step 




tary JoIntJ 










TT WTS 3.2.2.4 


Snail dll, tengtbl of 

CF to Joint, 1 bi 

1 step 




tors (roury Joint 

3.?.2.5 


2S a, ISO B* 25 b« 






buses) 

3.2.2.6 








Rctery Transfenser 
ftsscr^jly (fTA] 

BT H?TS 2.2.3J 


2Q n 41, 

CF to Joint, h.100 ■ 

1 




Power Ccnircrsicn 

Ot WT5 2.2.B.2 



CF to Joints r.*100 B 

\ step 




ECiljrjcnt arj 
Fitter 

• 








Ai^tsl Cstics 

C/C WTS 4. 2.3.1 
TTHprS 3. 2,3.3 


lengths: 

SS 9 ISO n each 

C/C: IF to 71F7S 13 ml 
FFjlB hi «tt,th«l 

183 cables 


StTveturv avoidance. 

Reels 


DTNPTS 2. 2.1.1 


144 9 175 b each 

TTs CF to WTS 1 
BT: CF to WTS«10O 





' 




peters 




...I ■ ■■■■ 
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Table S.4.1-2 Generic Process Summccry - Handle 




FUlCIIOMl. CHWAnCRISTlCS 



SPS EltMEXr 

SOURCE 

K4SS (UNIT/TOTM.) 

CWincuflATIOH 

DiSTANCe 

rwEsg ctttEs 

FCSmONiKC ACORACY 

SUPPORT RfOUlREHCKlS 

CONSTR4WIS 

CRIP COWIDERATIDRS 

riclIH/ 6e<«s 

c;c ftcnity 
U.t.4) 

36 kg eech 

2.1$ « trlirimit&r * 
1!0*long 

*»^70 B 

15 

Locate bean ends within 1 cp 
lateral, 5^ angular Insert 
in s)odal drogue fitting. 

Lighting Relntatned through* 
out facility area. 


Crip bea« at 2 points or 
over Urge area to nlnlalzc 
deflections and local 
stresses, iTOssIbly 2 hand- 


n fioimy 

637 Ig eitb 

10 ■ trIenguUr x 650 n 
long 

50 tn 300 B 

116 

locate bean ends wUhIh 1 cp 
lateral. 5^ angultr Insert 

Lighting Mintelned through* 
DuC facility area. 


lerx holding at bew 
fittings. 






In nodal drogue fitting. 





BT fecilit/ 

215 kg cech 

6 iii i^jsrc tew x 125 n 
long 

125 Mter 

6 

Hold for Mchanlcal fasten- 
ing or weld. 

Lighting, 



^19 ^Itders 

C/CTkI 1I*“ ll.l) 

ti.OOO Ig mh 

Cylindrical 5 p d1« x 
15 b 

50 B 

6 (f«r CF) 

Hold for pechinical fasten- 
ing or weld. 

Lighting. 



CcnstnistUn 

C/C fetcmy 

BO 

TBO 

T50 

7B0 






TT fecllUy 









Tension Kods 

C/C (1.1.4 in* 3.0} 

<^^S kg 

Snail dtat^ter ftle^nt 
vUh probe end fitting 

141 B 

Facility • 12 
Colvwi: 

Hold for pechantcal fasten- 
ing or veld. 

Lighting, 






and adjusUent, c*Qt 


664 at 4 facilities 








turnbucki e. 


431 at 2 facilities 





CoTurii 41iib Besmt 

C/C (3.1) 

10 to 10 kg eich ■ 

2«15 B trfmgular i 5 
to 112 B long 


31 

'Hold for pechanlcal fasten- 
ing or Mid. 

LigHlii,. 


(Sane at abore) 

Coliixn £«ias 

C/C (3.3, 4.1.1) 

36 kg eich 

2.45 B trlengnlir x 
10Q B long 

.^70 B 

. 

B67 at 4 facilities 
435 at 2 facilities 

Hald for pechanical fisteo- 
Ing or weld. 

Lighting, 


(Sane as above] 

FeMtlUcs (docl; 
ta hub} 

C/C (3.3) 

kg plus 

b«ke /ccIlUUt 

100 B irlinguitir X 
r>^200 P long 

Docking pliccBcnt (fad* 
llty ACS provides gross 
placerent] 

5 

SlMltaneously insert three 
probe end fittings - 1 cb 

lattril, 1 win. angular. 

Lighting, V1d« viewing 
or ETA creMwn (3), 


(Sa*e IS abort) 

Heed to grip all 3 points 
of facility to prevent 
bending loeds. 

Keln/Prtne CeMe 

C/C feclllty 

w40 kg 


2DO peters 

96 reels at CF-1 and 





Reels (inltUl 
Institution} 

(1.0) 




tr'O 





KaInCebles 

c/e (4.1.2.1) 


Deployed fron fitilltfes 

25 peters Initial coo» 

32 cables, B p«tn 






by reels, Pinal length 
i 2 p to 12.7 Biles. 

reCtlon, 

cables released and re- 
tensioned each 100 X 
of coltm constroctlon. 









Prlre Cibles 

C/C (4.I.Z.3) 


Deployed fron facilities 

25 peters Initial eon*' 

72 reels at CF-1 and 






by reels. FfriAl length 

neetton. 200 peters 

CF-3 . 286 cable efids. 








up to 10 Biles* 

frcB facility during 
constrifctlon 






rerlpher&l Cibles 

C/C (4.I.Z.3) 

662.000 kg for eecb 

Deployed by reels. Cable 

ZS reterj 

8 reels 



Safety provisions because of 


of 2 cebles et eith 
quedrint 

Mde up of pover condoc* 
tors stepped to accorro* 





clKtrIcal potential betvecti 
peripheral cables. 






date locnislng power. 






Secondiry T«p« 

C/C (4.1.Z.4) 

to ig 

Tapes deployed frcB 

ZM Kter* (r« /iclllty. 

644 r«1s 


Lighting, Reeis Mintatn 



Reels 

reels. 




22 Hewton tension. 



S»ccril<rj Tip* 

C/C (4.1.3.4) 


Attach tape ends to 

#^25 peters fnw 

644 reels 


Lhhttn, 



Inis. 


peripheral cibte. 

(■cllitjr. 






SoUf Cell PitM^c 

C/C (4.1.3.1) 

Mil. 49,000 kg 

10 X 10 X S peters 

100 i^eteri 

10 per array channel 


Lighting 





repeated SO tines 
at each of 2 faetll- 













ties. 





CcfiCeniritif Pick* 
•3e 

C/C C4.I.3.1) 

Kit. S.OOO Ig 

100 peter long roll 

too peters 

2 per array channel • 
rtoeated 1Z3 tfpes at 


DghClnt 







each of Z facilities 





Pxr Distrtbuttofi 

C/C (4.1.4) 


Electrical eonnecUrs 

<25 ■ 

2 per array channel 

Connector plug engig«e>efit. 

EVA cre^PBO. Lighting. 

LEO envtronwit. 

M,o|nt (l"» ,«ittrlty. 

Systen Oft SICS 


to pertpheral cible. 






Paver PIstrlbutloA 

C/C (4.1.4) 

63 kj/«ter 

Condactor Cables 17 ot 

Installed along colirvi 

4 cables leading to 





System Condhn*tors 

dlireter. 

and extension structure. 

each ms 





toltlirySPS 

C/C (4.1.$) 

65Mkgei:lS 

AC5 Boduler, 

Hclntty of CF, 

24 at each end of a 

frobe and drogue tAgag««ent, 




Eqafpcent 


X COllM, 







4«» kg Util TBD 
per unit 

lie rodulei. 

tlcInUy nf CF. 

TBO 

frobe and drogue engagepent. 




* 


£00, 0» kg eich 
(cm "bt trtteft 
inta Sixtier onltsl 

Counlervelghts, 

Tlclnlty of 

T|0 

Hat critical, 






TM 

Auxlltiry eqalpHent 

Itclntly of cr* 


Hard pQunted to structure. 

Provisions for aligning 






J'ountlng prorlitons. 
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Tdbte Z. 2-2 (Continued) 






functicsal q»rac:iih:5Tics 






S?5 EUHtHT 

ixntt 

. WSS (imT/T0«l.) 

CONflSAUTllM 

DISTASCE 

PROCESS CTaES 

fOSITIOHIHO ACCUrlACT 

j aiFPOST KQUIRDetrS 

KHSTRAIH75 

1 G1I7 COKSIOEUnM 


Tcnjicn Rc35 1 TT 


SP5 truss - 1260 


toMtB ends trtuiin I w I Lightlns 
lateral, S° an^1ar« Insert! 

In fto^l drogue fitting. I 


Cfjn Euilderfi TT fa:11ity 43,dCa kg te«3 

0.2.1) 


13 e»ftter <JlA.-»ler Capture 4nd piece In 

<{rlc4l pssUfcn far attaclvnent 

tq facItUy stnreture. 


SqTar Cell Blarlet TT fatHtty Heunt - TED 

Irstellcrs en:) 0‘2’2) Kix. soTar ceU 

Ccnter.trat-^r Ir- roll - 7 * IC® kg. 

stftllers Max. esneentretof 

roll - 7 X TQS kg. 


Heunt * TBD 
Soils 630 n Icng. 


I 24 rcunts 

: < SC rolls 

I 8 ccncentratar nits 


: rosUfen POimts fer cec^Jnl• lighting. 

cat attechaest. Place rolls 
I Into count receptacles. 


: Tenpten Catlo ' TT facility (1.2.3); TE5 • 
IntUllcrs-' . ! : 


Hold fer cocftiflical attacb- Llghtlrg. 
oent to facility structure. 


f fower 0l5trttu»:r> TT facility fl.2.4) 163»CC3 kg each 

1 liirr.MS Installers 


, Installers retuni 2600 2 at teglrntng of 

! Deters while Installing ccnstructlon phase 
harness cables. ard t at end. 


Auxiliary Faslllty Xt facility (1,2.$)! TE3 

EquJpocrt I 


Aystllary tn [ H (3.1.11) 


FacilUy 

HanfpjTatcrs 


BT facility 
(t.1.4) 


r:s StancfitcTT} 


OT faciltty 
(!.U4) 


Ca«Sty fthsp^er CT (2.1.1.5J 
iheTi 


Turbt::r,eraUr 1 

tats i 


adtatsr Frarusp | sT (2.M.4] 


raHatcr Ser-t^ts 5 BT (2.M-4) 


Uik Check ani BT (2.1,1.61 
Ccrylce L'lili 


5q1af :^r:en;rat:r BT t2.%2.TT 
u;i t-rrerc ?s:e 

r:tru3Svre 


Prcpulsicn, ACS and 
ICHACHcdgleS 


ard 2 at end. 

I -^20 


Hold for nechantcal attach* lighting, 
cent to facility structure* 


Kethanical attathcent to 
facility Structure, 


3t:S5^;?srt TT (3.1) 637 kg 

Trusses 


TO D triangular a €£0 a 25 o 
long 


^12C3 tfital, 23 at Cngage end prebe Into ceh* lighting ealntatneJ ttreugV 

CM cperaticn. 7 In trofdal fitting. cut facility, 

or.B toy. 


Transltlcir Tt (3.U0) S=aTl 

Strw:tjr» [ 


Short ta fcieter betus. 


Qnte at end of SECS 
ccnstructicn, <6 
betrs iRStalled. 


engage end prebe Into cen* 
troTdaT fUtlrg. 


! Ass-.-:^ V^Z2 kg ca. 


ko tstel TCD 
per unit. 


ACS nodules 
1 & C csduTcs. 


Hear vicinity of 
facility struutcre. 


SO spread through* 
out consttvetfot 
phase. 


Probe and drogue 
engsgecent. 


Hear vlctrilty af 
facility structare. 


Probe and drov^e 
engsgerent. 


lighting. 

llshling. 


AuUlfary C7u1r«nt 
counting pretfsiws. 


Hear vicinity of 
facility structure. 


: Kant esunted to structure. Provisions fsr allsning 
modules; 


•\*na rasters Icrg 
,a7D0 talers Tcrg 


Up to 259 D 
S3 a 


1 A» 6J,C-3 kg each 

^ 216,4:9 kg each 


Hod with lass slnictore. IQ a 
20 X 23 ft panel sect f cm, 1C3 o 


6 (etch facility) 
2 (each facility) 
4 (each fasIlUy) 


Hard counted to structure Llghllng. 
at preinstall ed teas pads. 


Spot position hard counted I lighting, 
to structure. I 


Rcary ftacMhery and 2a eeter 

tanks gained In 20 x 
23 X S «ter pstkag*. 


$9 (each nodule) 
16 (each Dodule] 


Nolil In spot pssltlci) fer lighting, 
fastening. 


63ET kg ca:h 
UHte. 

Hire harnesses tc? and 
bottoa of tuTbcgcncralcr 
band. 

2S caters •» all around 
shell perimeter. 

2 harnesses par 
ajcijlq. 

930 kg «x» 
I 2 D kg oln. 

, 10 -ceter trlan^uTar , 

bears* uy to 959 Deters 
long. 

SC3 cetCTS ffos CF 

t9 be»=s 

Assuuei 5C0,C:0 
Ig ta:h. 

fladfaicr panat^lEOx 
7Zg ratero. 

SS9 iaeten froo CF. 

1 

1 12 segments 

TED (i;aSM4,g »■ 
1C5 kg. fer each 
PCS) 

Self ccntalncd unit fer 
proililng Teak check 
gas arJ for servicing 

Nat* 

-CCO ceters (cn CF 
fr«) 

; Depends cn eethed, 

Estinatei ctS kg 
«i:H In 1? pieces. 

1 

Preasserblcd structure 
etta:r-ct to cavity 1 

abSDTicr shoU, 

SCO cetcry 

6 places 


Hold in spat pcsiticn fer lighting, 
oechanlcai fastening. 

Tpot fastening to sholT. 


CcuTd be Installed in 
smaller cnlts tut leakage 
potentfKl Increases. 


Itold In spat pasfticn fer 
fastening. 


Ctstrlfcute lead ever Uln 
a«iers. Eeta wy hate ta 
be gripped at one end, 


Hold in spot prsiticn fer 
fastening. 


Hot critical. 


EVA cre>ran to Inspect 
for leakage. 


CEO envtrcnsent. 


Mold In sjet pasitfen for 
fastening. 


lUyKODUCIBiLlTy OP THI' 
(miGIIJALJ2AG:E_,IOOQlL 
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Table Z. 4.1-2 (Continued! 




njHCTioHU. cmucTemsucs I 

SPS aiMEKT 

SOURCE 

HUS (un:t/tiiiai) 

CCHF1CURATIM 

PISTAMCE 

PROCESS CrCLES 

roSiTimiM; AccwAcr 

5UPP0RT AiqUtROCKTS 

COmSTKAIiaS 

«[f COmiDCRATlW 

sc Cesstructlon 

BT (2.1.2.2) 

Estlneted £5,000 

15 B dfaneter mdule 
capable of Nnufactur- 
ing 10 n t<aq out bath 
ends. 

Ciptsre and place In 
spot pasteton. 

£ 

Spot pcsItloAtng* 



CeniSrvctlen vdule Mn|« 
pulalors echlere' actual 
contact and placament* 

SC Support Struts 
4n<j Cross Trusses 

BT {2.1.J.3) 

Up to U£Q kg 

10 r>eter triangular beims 
bp to ISOD peters long. 

Betas mpTaced In 
vicinity of construction 
POdJle. 

Each module builds 
and Installs >.^^53SO 
Mters of beams In 7 
plKCS, 

>2,5 DB throughout 
support structures* 

Optical aids end acconte 
measurmMAt Of bmM 
lengths. 

Aeaferementf nedt In 
tiable thermal conditions. 


EC Tension CebteS 

BT (2.1.2.4) 

TBQ 

Up to 27T5 peters Icng. 

Attachment within 970 
meters of construction 
module. 

24 to 3£ cables 
(per BPS module) 

Probe Insertion. 




SC Reflector 
FrAaework 

5T C2.1.2.5] 

« 

'^220 kg fkr 
besH 

10 peter triangular 
bcaas A 225 peters long 

Construction nodule 
roved to InxUHatloo 
site. 

13£6 beams Installed 
by 6 eojistructlon 
modules. 

Spot pdsitto/i. 




SeccoiAr/ Struc- 
ture 

ST U.t.2*53 

^5000 kg fich 

Pep-oat structure #^225 r 
equilateral triangle x 
10 ceter thick. 

Installed In neir viel- 
ntty to construction 
module* 

7E2 at each SP5 
module. 

3 point spot positioning 
and fold for attachment. 




Reflector feceU 

BT (2.1.?.6> 

r>* £5 kg each 

Flat he»a«nal cwtertal 
stretched between ten- 
sion Structures at 3 
sides. 

Installed In near 
vicinity to construction 
m^ule. 

17,000 (each SPS 
module) 

Probe Insertion Into steer- 
*lng petb^nlsa. 



Special handling probTme 
because of Targe flat ex- 
panse vtU} attach mKhin- 
Ima close on one side. 

Rr1r.dry Pfizer Bus 
Trusses 

BT R.I.J.T) 

146 kg each 

10 neter trlanoular 
beans X UO a long. 
Caps are power conduc- 
ters Mlth lateral ele- 
ments InrJlators, 

In vicinity of CF 
frame. 

2 (each SPS module) 

Butt bea« ends onto SC 
support structure at 
speeUle locitlon. 

Align prior to fastening. 



Spfiul Truss 

BT (2.1 .3.2) 

333 tg 

10 neter triangular 
beao X 340 meter Ung, 
Caps are power co»duc- 
tors with lateral 
elmentS being tnsuU- 
ters. 

rJ 250 meters 

Qoce (Mr SPS 
module) 

Hald to bus trusses for 
fastening. 




Auitltiry SPS 
Ecjulpoent 

BT (2.1. 4.1) 

430,000 kg each 
Mdjie. 

ACS modules 

In vicinity of CF. 

TBO 

Probe and drogue engage- 
ment. 

Provisions for aligning 
nodules. 





1BD 

noontlng previsions* 

In vicinity of CF, 

T» 

Hard mounted to SC 
luppcrt base structure. 




HPT5 

6T (2.1. t.2 and 
4.2.2} 

21 I 10® 1} 

c&npletc assembled 
hPIS with rotary trans- 
former asserdily. 

Capture by EPS system 
esilp^ent and hold for 
attachment. 

2 

Hold for hard attachment. 




flrbit Tfiftsfer 
5)'stRa 

BT (2.1.4.3) 

TS3 

lofl/che»IciT propulsion 
stages* 

Doeled to SC and PCS 
structure by use of 
onboard e^ulprwtnt. 

3 (per module) 

Engage lameuntlng 
equffnent. 

Mounting provisions pre* 
InsUlled. 



5V5 HsijUj. 

BI H.1.21 

B3 * ID® Ij 


Capture and hold meduTes 
together let ■fastening. 

3 pUect 

Hald for ftstcnlng. 




Spinel Trusses 
Eetueen PCSs 

BT H.1.3) 

T20 

IOmeter C^facnlir 
tears 

Total Span between pair 
of PCSs Is 4000 
Eieters. 

3 places 

Md Yor fastening beam ends 
together. 




CcrslrutHon 

C^ufpMnS 

C/C CpUcn A 

TE2* 

TB3 

Up to SOCD B 

2 


Aisis-e transport systen 
Installed as colunas arc 
balU. 



EaUr Ce1! Pecks ies 

tfZ CptiKi A 

4.C00 to 50,000 kg 

ID X ID ireters x u? to 
S Mters thick. 

^ 100 meters 

10 packages per 5CC5 
trough, 

300 packiges ner 
quadrant. 





CoScertretar Rails 

C;C Cjtfan A 

4,0C3 ta SD.CGI! B, 

JCa e«ter long roll x 
.up to 1*0 retcr dlaseter. 

< 100 meters 

60 rolls per ajuairant. 





Prirw CeMes 

CfZ Cjtlcn A 

&all 

Ends of snail cables 
noted In preparation fer 
attacheent to solar cells 

■< 53 meters 

33 cable ends per 
quadrant. 

Hold for tttac.Vent. 

Carry all coded cables 
aTcng as uork. proceeds 
along cOlimAS. 



Seecnisry Tipe 
Reels 

CfCOptl’U'A 

10 ij tltll. 

^11 reels. 

<, 100 meters 

844 reels total* 
Iratalled along both 
sides of colums. 

Hold for spot attachment* 




SecarJiTj Tepe 
Aita:fw*5ls to 
Perlp-Cerel Ceblet 

c;c Cpt!o:i A : 

22 rewton pull 
force at each 
tap«. 

Ml on tapes deploy 
solar cell and concen- 
trator paclages. 

Op to T4.D00 meters. 

Depends cn how deploy 
Jwnt 1$ perforaed. 

Mt critical. Itns pre- 
marked and located. 




Ajtxatei CcnilTUc- 
tfon Esjipr>eat 

TT CptiM A 

TEO 

T3D 

^ ICO meters 

Estimated 36 places. 

tio 



1 
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SfctBZe (Continued} 




aiCTlCH'A CHUlACTtRISllCC 



S?S ItO«IfT 

HPJRCS 

MSS (s:«T/I0T«l> 

CC.WICSiATJM 

DISTJWCS 

F 20 CESS creus 

posmosiK «aT!A?f 

TOfOltr RtJJL’IEHBtra 

CJiOTMIXTS 

aiP CORSIDOUTICT 


tor.7*tC3> tZ 
Er,yfpc»J5t 

BTC;t»cnA .. 

Ectiuted C300 ks 

' 

Lcng tr-ns structure. 

TB3 

Cnee 






Satii* Cetl R3l? . 
Heunts 

; c/c cp«ca B 

Estfaitsd 200 13 
ciclr vocnt. 

Mounts to hold soUr 
cell ro)t «nd ts zipper 
EC to cancentzitoi*. 

^25 ■ 

30 nalrs per quadrant 

Raid for fastening. 


. 


L 

1 

%Ur CeTI Re- 
6y;pljr Rail 

C/C CpttcT a 

43,000 k3 

T00-oet<r tcng rolls. 

rMZS » 

r^IEO per q'udrant. 

Place In ncunts* 




h 

Rcsur?^y £m3 

C.4JT!tCT5 

PUrnej vfljtfced" 
olti Service. 

TC3 

' 

Stock fcitcrltl cn rolls 
instatled and vaterfal 
fed out. 

< 2ff 

A/a 

Hot critical. Aids Ir 
builder receptacle. 

IVA creirin. 



^ i 

R«?le:e/R«ft*Tsa , 
Efitt«r/ S}(ttcsf 

PUr.rM>4 tnt:!5eC- 
«lc4 tcrvlce. 

7E3 

Tl!? 

<2b 

VR „ 

Hold for ilccklng, 

Deck erilxert to facility 
catnterjnCe ares. 



I 

i 

CePtJce £i?ji?ac.ri 
PfrrjT$t:rr Tenki 

' Rti.'pply Pestes- 
ir* CwTie 
«rs* gli;e jn* 
ete) 


TD 

■ 

TEO 

TO 

TEO 

Uf 2 B 
<2» 

Am 

A/B 


Cperatlo^ controlled re* 
■ottTy and/cr Cy lYA 
crewan. 



i 

L 

<?3 Coo- 

wciity 

PTif.ned ■unicfced- 

Lied service. 

1S5 

Cor^eup package on order 
of 1 ae In voiune. 

TEU 

A/3 

Insert ln sulies fer 
eodule Inctrticn. 

TE3 




ti4Vrr;«ttCa. 

Pii rr*J / 1 ^ 

'MtnterJince. 

Tca 

Ittrlcatfcn derfoe. 

At spot of epplfcatlcn. 

m 

Spot positicn. 

eperated by CVA crewnan or 
automated. 



r 

Repave rrflecUr 
Hint 3ey«p. 

PUnred/tchrCyT eC 
iRilnUricce, 

kg 

RcflOfft top layer of 

facet PBterlaT. 

TE3 

TOO per day tr ail 
replaced In 4 2«yHr 
period. 

Grab Milt rfp Cab. 


fotenttally hot tnvIrcnBtnk. 
Free^flycr wst Mlntaln 
S3ce dtaunce away- 

TB3 


(Self ua H»S 

SjnUfl r.ecturc« 

PUn?irJ/lcheiyled 

M(flter4nc«. 

Str»lse art <TEI) 

■ 

Cart with large TUX 
S. 7 ?ly tank. 

4f 25 It hocku? dfitanca. 
< 33Q netirs on Cf fna* 
froB IJF, 

A/H 

Rot critical. 

EVA cre^n ivalTeble. 

Envirenrent 



Irc-ljTiStei-ttftS 

Coittn;erve!ei 

Tt3 

Jnstmoentatfen 
Vfeelng device. 

Rear 
<5 n 

A/R 

Bt^ilnu grMt daufltjr. 

CfA ere»«Mn cr r«te 
central 

Envlrcwent 



Rirtscnet 

CcRtfnjertsles 

~:c{i »3 

Single perssr. 

Rear 

A/ft 








T£3 

KiltIpTe person nMele* 

Within faslllty. 



Facility equipment. 




Rctimtti Filled 
Parts tz Shcp 

CcRMn5tn:!«$ 

Estlsited 20 - 
500 k3. 

HcPtle/portable construe- 
ticn egulp^t. 

Wear 

Art 








rsttMted tCQ - 
2030 kg. 

EPS operatlcflil podulcs 
(e.g. suVamys) 

TBD 



Prorlstens for har4 
docking. 




On>ttt« Repifrs 

CfVitin$tn=lei 

< ICO »3 

Repair ,Wt. 

Hands on. 

Afft 


EVA crevran. 

tnvlrciaent 





>200 kg 

fieplece^est part-s 

Hands On. 









>1CC0 kg 

leak check irul service 
cart. 

rr2SM 







ExtcnsUn Struttura 

lenr.h: 7S3 m far 
Cl'S. 1 fZT TT> 

3P»f:rDTJ 

C/ ' WT5 4.S.t.K 
4.2X2 
T »TS 3.2.1.n 
3-2.1.2 
BTKPTS 2.2.7 

C/C: ICGOkg 
(3533 Its) 2S kg 
per lC-3 a 
TT: : 1442 fce 
(iK4 Its) 23 13 / 
100 B length 
DTi 72 kg (153 
lbs] 11 kg per 
go er length 

Lengths: C/C 6G > 6S 
inetcrs. 4 f 35 Mters 
TT: 33 6 103 w. 

4 ? 40 », 25 » *30 a 
BT: 4 9 30«4B20a 
A4.3« 

Cf bean fatrlcttcr to - 
structure asseebTy 
points 35 to 753 ■ 
far C/C, 43 to 1000 B 
far Tr, <30 a for BT 

^7Q (C/C) 

Asrco mi 

/•Jio (BT) 

<50 CB 

Kay rtTJire additicnat 
transporter «r se>*eral 
harriers along structure. 

Bases cust be transperted 
1f handler cannot uerk over 
specified range (up to 1 koj 

Lcnger bexs »y require 2 
pt. handler- 

1 

r 

. 1 

El'tctrftil Ccftdji* 
tors Itetwrtn 
ipiftind SECS) • 

C/C WTS4.2.1.3 
42.2.3 
nK?T$ 3.2.1.3 
DT K?TS 

63 kg/oeter 

C/C: 47,250 kj/ 

tcaiictcr- 

tTj fiJ.OCO tg/ 

ccftduttor 

QT; 4.::$ kg/ccn- 

tfi/:lcr 

Wire tundte. 753 o long 
(C/CJ 1 ta Icng m 
75 0 long fST) 4 cCfsJus- 
ters, 17 cn dla each. 

Cofnt tQ SECS: up ko 
1 b». 

4 

< 2 cm 

Kay require trar.spcrter cr 
several barriers at and 
between end points. 

Ccnductors rust Be tr*cs- 
perted between attach points 
If handler caru^st reach. 

ReellS) 


Oill Jaint 

C/C M»TS 4.2.2.1 


11 N dia cylinder 

Transporter to end of 
tatensten structure 

< 20 B, 

1 

< 2 C3S 

Handler can be attached 
to transporter or to 
extension structure. 





f 
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TdbZe 4.1-2 (CoYictuded) 


SPS aEH£MT 

SXKE 

(«s (s(ai/raT«.) 

COHncUMTIOd 

^ S-Tpert Ara Beaas > 

C/t WT3 4. 5,2 .2 
TTHprS 3.2.2 7 
BTKFT5 2.2.5 

C/Cr V-CO tg 
(3109 Tfca) 

TT: 949 kg (2063 
Ibl) 

BT: 249 kg (520 
Ifcs) 

Lengths'- A5.5 ct 
C/C - 2 9 165 s 
50 6 65 B* 4 P 150 b 
TT- S ara as C/C 
BT - 4 e 6S n. 49 .25 n 
10 9 39 nj4*3 «A 

Frares 

C/C W>TS 4.2.3.1 
n HPTS 3,2.3.T 
BT K»TS 2,2.1 ,T 

149/9240 kg 
(398/20326 lb) 

£5 q X 139 q rectangle 
A4.3 q 

teccridafy Struct- 
ures 

C/C «?T5 4. 2.3.2 
TT HPTS 3,2,3.2 
BTHPR 2-2.1. 2 

UC3/17520O kg , 
(2640/2534400 Tb] 

: )30 B equilateral tri- 
angle X ? b each - 
bias structure A4.3 a 

Hadfal Cables 
1 between K?TS 
rings) 

C/CWI5: <.2.3.1 
TTWTS 3.2.3.1 
BTK?75 2.2.1.) 


Snail diarater cables* 
lengths - 36 9 150 a 
each 144 9 17S a each 

Tutamys (onto 
sctc’^dary stnic- 
t*;rts} 

C/C KrTS 0.2.4.2 
TTHPTS 3,?.4.2 
BTHPTS 2.2.P.2 

2i30/670o00 kg 
(14D/WS7CO Itj) 

r 

- 10 X 70 X 0.25 a each 

i 

BJe4trcnfcs Fack^ 
ages Intercor-nect 
icTectrtc cendue- 
torsi 

C/C M?T5 4..2.S.1 
TTHPTS 3.2.5.1 
61 hPtS 2.2.3.1 


Srall disaster* 10 b 
lengths each. 

W Mnes 

C/C H?TS 4.2-S : 
ITK?T5 3.2.5 2 
BT HPTS 2.2.3.2 


Snail diarater, lengths 
1 betveeo 10 and 509*? 

Cwltch Gears 

e/C HPTS 4. 2.6.1 
3.2.6.) 
5TKPTS 2.2.4.) 

20CO/32003 kg 
(44:3/70400 lOs) 

1 TEO 

' Electrical tCRdutt- 
ers (bbtwrcn joint 
tus end switch • 

i'.irtf 

C/C HPTS 4. 2.6.2 
TTHPTS 3.2.6t2 
bf HPTS 2.2.4 2 

15.7S kg/B 
4 9 S46I> kg eazh 
A 9 7675 kpcjch . 
4 9 6100 kg each 
4 9 4725 kg each 

! Lengths: 4 p 609 n 
A 9 500 4 9 4Wb 

i 4 9 SCO B 
8.5 oi dia. each 

Electrical Ccndac- 
t2rs (between Swit- 
ch qears apJ dls^ 
trltutfoft points) 

C/C HPTS 4.2.6.3 ; 

TIHpTS 3.2.6.3 
B7 HPT5 2.2.4. 3 

Sara as above. 

Lengths: 4 9 '500 r* 

4 9 4C3 B. 4 9 300 ei. 

4 9 209B 7000 9 IOOb 

8*5 ca dll each 

ETestrlcal Co.nduc- 
Urs (1 l^'strltu- 
tlon points between 
suben-ajfs) 

C/C HPTS 4.2.6.T 

TTKPIf 3.C.6.4 
BTHPTS 2.2.4.4 


10 a lengths 

vtppcrt Eexes - 
Ccunterwelsht Cqn« 

C/C WTS 4.2.7.1 

S4 kg ea (ICS 1b) 
6469 kg (14256 lbs] 

759 ■ long each 
5.5 qA 

Coirterweiqht (fit 
cludic 3 CHCs) 

C/C WTS 4.2.J.2 


50 B X SO b X £9 ■ 

Cerquter 

C/C HPTS 4.2.8.1 
nWTS 3.2.B.1 


TM 

Hirfrq (between 
compiler, reVft-ence 
sutarrays mi drive 
Sjrstn:} 

C/C HPTS 4.2.«-2 
TTHPTS 3.2, 0.2 


Lengths: 3 B 75 n \ C/C 
2 9 20Oa( ; 

? 9 333«/ 1; 
plus 1 8 £25 B (C/C) 
1 9 100 (TT) 

Crivo Systeo arrd 
Pewer Trensfar 
K::hwiM (rotary 
Joint) 

TT HPTS 3.2.2.2, 
3.2)2.3 


TB3 

Eltttrlcjl Condiic- 
ter» (rotarj Jalnt 

TTHPTS S.2.2.4 

3.2.2.5 

3.2.7.5 

8 t 63 kg/eeter; 
4 f t&75 kg each 
4 9 6309 kg each 
16 9 15.75 ks/RT 
334 kg- each 

Sral) dla lengths of 
25, TOO and 2S raters 
8 9 17 09 tJIa* 10 9 
8.5 cn dla. 

KOtary Traftsforaer 
Asscsbiy (RTA) 

BT HPTS 2.2.B.1 


20 b dll. 

Fewer Ccnverslfifl 
EquIpRcnt and 
FITtcr 

BTKPT5 2.2.a.2 



lltrucUre EleaeS - 
Ritary Joint 

TTHPTS 3.2.2.* 

. 

<33 Ij «9.S Tbs)«l 
/n.W:S tj «9£0 16s 

4.3 st A» lengths 
69 - 139 m 


nag{O.ML CKMtAaKtsncs 

1 DISTMCE I 


rfiocEss mts 


wsinwiw AccyRAcr 


SUpmr !l£QUIPDCHT5 


Transporter to support 
Am assesbiy paint; 
reach of 25 to 200 b 


I KaixITef Cm be attached 
to traruporCer Joint or 
tatenslcn structure* 


Transporter to HPIS: 
13Q to 500 A 


Transporter to top of 
fra?<s - «MX. 500 a 


Transporter to fra^est 150 
frar<*^to-fras« distance 
(rifrj to H 


Transporter to seconiar/ 7554 
structure:: rax* reach 
rea*<J ^500 m 


Transporter to tcttai 
of sobarrays: 70 to 
500 b 


Transporter to attact 
points* 71) to 500 n» 


Transpofttr to attach 
pts» vp to 600 B* be- 
tween attach points* 


Betxen attach points 
loq to SOO B 


159 b. between attach 
points 


75 to 625 p^betv<^n 
subarrays* up to SCO b 


Between stevatlcn and 
aztnuth Joints wIOO a 


Itandler aay require trans- 
port betveen attachsant 
points. 


Handler nay require trans- 
port beCwm ittaclxnt 
points. 


Sa»e as ibcTO* 


Sa*e as above* 


Between attach points - 
10 b 


t (tm.ess transported 
1o pieces) 


B frn transporter 
to attach point In MPT5 

seecnlary structure 


Between attaelcient points 
25 « 10O B 


Between attatbrent point: 

- 20 B 


UUhIn exte^nslOASStruc- 
tur# • froB transporter • 
a#25 b 


COhSTRAlKTS 


«tP CCMSIKMTIW 


Beacs ray require aUltlonal Lonper biap s ray retire 
transport fnn fabricator handtlnt at both ends* 
(distance to CT can be up 
to 1 ba] handler ray require 
transport* 


frames ray require addi- 
tional transport If handler 
has ItoUed reach* cr haod- 
Jei* could be tran^erte^t, , 
Secondary strtJctures ray 
require addltlccal tfanspert 
If handler has United reach 
or handler 

CaBTes ray require aaditn*l 
transport If handler his 1 
Halted reach or handler 
^coutd be transpor ted. . 
^ubTrrays ray require iddl* 
tn'1 transport If handler 
has Ifalted reach* or hand- 
J.erjan be tranvpc rted* 
Interconnects or handlsr 
require addltn’1 transport 
to caver 1 ba die antenna* 
poss.lnterfercpcc probleBS 
w lthiri raesh diry strucbirr^, 
*"lr,ter.erexe problems ^ih 
SKCndaiy structure. 


Mtachae* at both rads to 
fraras* trar.tport*d ra 
reels* 


Interference prcb7e« irtth- 
1a SKondary structure un- 
less attJcM within struc- 
ture prior to transport. 
Saw« as above. 


I Sane as above. 


HaridUrraj require trans- 
port to cover full 7 hw 
dfa antenna* 


Handler rajr require rcbtl- 
1ty to kultd entire struc- 
ture. 


Probably will be assaraled 
at site* 


Sa^ IS above. 


Irterfertnce with structure Multiple hanJTiri ray be 
ts U is bu.lt, required for Che ISO it 

bewas* 


l^ss Bust be reducBl ty 
handling pieces cnly. 


Interference with secenftry 
stnitturV* counUrwelsht 
support structure* Joint. 


Cable and structure avoid- 
a.nce. handler ray require 
transport between attach- 
Mnt points and between 
[ subamys* 


KandTer attached to extra- 
lion structure* Joint or 
WTS. 


Srae as above* 


Handler attached to BT75* 
cr FT. 


Interference with eztenstoo i Sara fii above* 
structure. I 


Hiy require tronsport to 
site (^BBS cr handler}. 


I 


Table S. 4.1-3 GeneTio.Prooess Sumary - Align 


SPS elejot 

SOURCE 

fUNCTIORAl characteristics I 

DESCRIPTION 

PROCESS CYCLES 

ACCURACY • 


CORSTAAIKTS 

EXIST 

AuxIlUry EquIpHTlt 

. 

C/C (4.1.5) 

TT facility (l.E.5) 

Align Acs and propul- 
sion thrust vectors 
by adjusting mounting 
provisions 

C/C - 4B 
n facility - 
TBD 

n « 55 

TBO 

Keasuremant of SECS and 
structural relative to 
auxiliary tqulpment 




TT (l.S.ll) 

Alignment nsvlgstfon 
sensors by adjusting 
mounting provisions 

TBD 

TBD 




F»clUty Bhim 

BT facility (U.4) 

Align beans prior to 
velding. Facility 
provides jig for cav- 
ity construction. 

0 places (eicb 
facility) 

TBD 

Optical maisuremants 



PCS Stanchlofti 

BT facility (l.t.1) 

Align prior to hard 
fastening. Stanchions 
arc jig points for 
cavity absorber. 

4 (each facll- 
Ity) 

TBD 

Optical measuremants 



SC Canstnictlon Hod* 
ule/Beiiu 

BT (2.1.2.2) 

Align bean attachment 
Inside SC construction 
module to assure mod- 
ule equidistance 
apart 

!> places 

2 He 1n two 
planes 

Optical aids and ac- 
curate measurement of 
bean lengths. 
Recommend alignment 
stations set up on SC 
base structure. 

Kora accurate to adjust 
struts aftar construe-' 
tton Is started, to 
♦2.5 cm 


Prlwry Fowr Bus 
Truiies 

BT (2.1.3.1) 

Align power trus ns 
relative to PCS aper- 
ture centerline. 

2 (each SPS 
modulel ' 

TDD 

Optical aids and ac- 
curate measurement of 
beam lengths. 
Reconnend alignment 
stations set up on SC 
base structure. 



Auxiliary Equipment 

BT (2.1.4.1) 

Align Acs thrust 
vectors and sensors 
by adjusting mounting 
provisions 

TBO 

TBD 

Heasurement of PCS and 
SC subsystems align- 
ment. 

Lighting 

Facility In thtrmal 
stability 


Bean Builders 

C/C facility (1.1) 

Cross alignment of 
beam builders prior 
to fastening In place 
on facility structure 

6 

2.5 cm at 
100 m beam 
span 

Lighting. 

Optleel measurament 

Facility In thannal 
stiblllty 


Extension Structure 

C/C KPTS 4.2.1.1 
n ms 3.2.1.1 
BT ms 2.2.7 

Align beams of struc- 
tura as each section 
Is assembled 

-20 (C/C) 

-20 (n) 

-3 (BT) 

+2 cm 

Lighting, monitoring, 
alignment meiiurMHnt 


Align each 

section 

against 

•xistlng 

sections 

Support Am Beans 

C/C ms 4.2.1.3 
TT ms 3. 2, 1.3 
arms 2 . 2.6 

Slate as above 

-20 (C/C) 
-20, (TT) 
-5 (BT) 

♦2 cm 

Same at above 


Saurn as abov* 

Support Beans • 
Countervelght Cone 

C/C ms 4.2.7.1 

Same as above 

20 - 50 times 

+5 cm 

Sane as above 


M 

On-ilte Repeir,- 

Contingencies 

Align construction 
equlpasent, Vihon appli- 
cable. after repair 

A/R 

A/R 

EYA cresvean 

Environment 
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Table 3. 4. 1-4 Generic Proaeae Svomar'j - Fasten 




PIMCTIOML CNAAACTEtlSTICS 

%n UPCKT 


MATEAIALS 

JOIAT 

PROCESS CTCUS 

CONSTRAim 

Pr«oi C«klM 

C/C (4.1.I.J) 


Cabla andi attack** ta SECS rlnpt 

tl* cannactlaw. Naa 
*f 10 at an* aparatlaa. 

Difficult w autaatU. KO aavlr- 
awant eawtralntt aa EM crawaa. 

POMr giitrlbutlM 
Sy$t« o« UCS 

C/C (4.1.4) 

■ 

Cane antra tar 
canductiva 
wt.rlal can- 

nactad t* 

parlpkaral 
cabla canduc- 
tart 

fMd aut canductar fraa cancantra- 
tar )a1n*d ta pla-tall cannactar 
faading Inta parlpkaral rabl*. 

240 tPUl COMPCtlom 

Elactrlcal pataatlal acre** altar- 
nau cancantratar paakt, Maa 
dtplayad. 

tomr OtitrtkutlOD 
S/itw CoflAicUri 

C/C (A.l.A) 

Candwetar 

;ak1** 

Cannactar plupt far 17 ca diaaatar 
cable lapwnti af TIO lanptk. 
Attach cable ta itrvetur* parlad- 
Ically. 

4 cablet laadlng t* 
aack MTS. 


AuillUrjr 

•towntt 

C/C (4.1.S) 

TIO 

Hard nauntad ta atructur* • aack- 
anlcal, «*1d. ate. 



l«wi lulUcr 

rr facility (I.M 
C/C facility (l.l) 


Nackanlcal fattening ta facility 
itructur* 

13 - n 

4 • pa* aack C/C CP 


SoUr Ctll iDd Con- 
CMtrUer IntuHtr 
Nount$ 

TT facility (t-t-T 


Mackanlcal fattaning ta facility 
itructura 

34 


TtflllM C«k1« IN' 
lUlltrt 

n facility (l.t.) 


Nackanical fattaning ta facility 
ttructur* 

30 


POMtr Dlitrlkutlsii 
Mrntii iMUlIm 

n facility (1.1.4 


Nackanical fattening ta facility 
ttrvetura 

4 


AuilMtry 

CquIpatAI 

rr facility (l.t.i 


Nochontcil f«itMlA| to foclllty 
itructuro 

-to 


SECS S»*Mrt 
TniiiM 

n facility (S.l) 

TM 

Cantraldal fittingt 

• 3414 taul * 

14 In aw bay at an* 
aparttlan at 1 day 
Intarvali. 


EtcMIty Ittm iM 
Tentton todt 

C/C facility (1.1.4 
4 3.J) 

n facility (1.1.4) 

Any 

Cantroldal Jalnt with prob* and 
drogu. fitting, lagulrat aitarnal 
tergu* aackanlta for hard wta. 

C/C: 30 - bean andt 
34 - red andt 
Hi 334 • baw 
144 - rpdt 

Only aark bat* nay la kata pra- 

vltutly iwullad bat net yat 
ttwctarally ttabi*. 

H4lK/PrlM C<b1« 
RmI AttMblUl 

C/C ftciuty (1.0) 

TIO 

Aaal bat* plat* aackanlcally at- 
tack** ta facility ttrvetura. 

104 raalt 


AtrlpKcral Clkl* 
KmI 

C/C facil'ty (S.O) 

TH 

Raal bat* plat* aackanlcally at- 
tack** ta facility ttrvetura. 

4 raalt 


S*coA4ary Tap* AmI 
Aitai*llM 

C/C (4.1. 1.4) 

TM 

Paal bat* plat* aackanlcally at- 
tack** ta caliaai ttrvetura. 

■40 raalt 


SacoaAary Tap* tii<i 


lavlar 

Atuck Up* andt ta parlpkaral 
cablet 

MO placet 


Sotar Call AacUf*! 

C/C (4.1. 1.1) 


Atuck pacUgat u C/C ealian. 

10 par array chtnnal- 
rapnatad 60 tlnai at 
aack af 3 facllltlat. 





Inurcannaet 10 a 10 a pawit 

( cannactlant at tack 
af I3X rant af pan- 
alt (aai cat*) - 
r.pMta* 40 tlaat at 
aack af 3 facllltlat. 


CoKpntraUr Pack- 

•9** 

C/C (4.1.3 1) 


Attach caneantraur ralli ta C/C 
caliaw. 

3 par array ckannal - 
raptatad 130 tlaat at 
tack af 3 fKlIltlat. 





Atuck cancantratar aatarlal 
(canductar tyttaa) u talar call 
alactrlcal canducUr. 

(Autoaatad tyttaa dat- 
Irtbl* - rallad talar 
cal It cavid b* at- 
tack** aatlar but rail 
attt aauld b* graat). 


SoUr C*IU Pawl* 
and Concantratara 

C/C (4.1. 3.1) 

PtoImUIIoA 
flNpt hoofeoi 

Alngt kaatad aver upat 

S4M ringt at aack af 
3 facllltlat. Nti af 
340 at a 300 aatar 
Incrtatnt. 

Difficult U auUaaU. lEO 
anvlranaan' canttraintt an EVA 

(SECS) 


ovtr upot 



PriB* UkiM 

C/C Option A 


Cabla andt atuckad u SECS ringt 

3M UUl cannactlant. 
Nai af 10 cannactlaw 
at aw aparttlan. 

Difficult U avtaaau. ICO anvlr- 
anaant canttraintt w EVA crawan. 





Sacandary Tap* Aaall 

C/C optlan A 


Raal bat* plat* aackanlcally Jaln- 
*d U calijai ttructur* 

M-' UUl rwit 


Paaar Oittrtbutia* 
Cannactarj ta Par- 
Ipnaral Caklaa 

C/C Optlan A 

Cancantratar 

canductiva 

wtarlal 

SECS cannacUr Jalnad U parlpkar*' 
ubi* pig-ull cannactar 

40 cannactitw tack 
autdrtnt 










Table 0,4. 1-4 (Coniimied) 




FUKCTIONAL CHARACTERISTICS 

SPS ELEHEHT 

SOURCE 

MATERIALS 

JOIHT 

PROCESS CYCLES 

COKSTRAIKTS 

Turbogentrttor Sots 

BT (2,1. 1.3) 

TBB 

Mechanical fastening to shell 
panels. Connect hallin lines. 

16 sets Installed 
(each module). Esti- 
mated 6 mechanical 
Joints and 2 helium 
line Joints. 

More connections If grMter break- 
down 1n units. 

Bus Bar Harness 

BT (2.1.1) 

Alumimm 
cable bundles 

Fastened to shell. 24 electrical 
Junctions each bundle. 

Two harnesses per mod- 
ule. 16 mechanical 
Joints each. 24 
electrical Joints each 


Radiator Frames 

BT (2.1. 1.4) 

TBD 

Frains ends butted and welded. 

24 beam connections 


Radiator Segments 

BT (2,1. 1,4) 

TBO 

Join to frames and between seg- 
ments. 

12 se-TMnts 


Solar Concentrator 
(SC) Support Base 
Structure 

BT (2.1.2.1) 

TBO 

Structure Joined to cavity shell. 

12 pieces (eech mod- 
ule) 


SC Construction 
Modules 

BT (2.1.2.2) 

TBB 

Fasten Internal bean being minu- 
faetured to support bast structure 

6 pieces 

AHgmwnt prior to fastonfng ts 
,acitsiry* 

SC Support Struts 
and Cross Trusses 

BT (2.1.2.3) 

TBO 

Butt beam ends 

Joints each con- 
struction module 

Batn length adjustment needed. 

SC Tension Cables 

BT (2.1. 2.4) 

TBB 

Probe Insertion and rotary force 
for tightening Joint 

24 to 36 cables 


SC Reflector Framt- 
vork 

BT (2.1. 2.S) 

TBD 

TDD 

1368 beams Installed 
(each SPS nodule) 


Secondary Structure 

BT (2.1. 2.5) 

TBD 

TBD. Each structure attached at 
three places. 

762 structures (each 
SPS module) 


Reflector Facets 

BT (2.1. 2.6) 

TBO 

Facet probe Inserted Into steering 
mechanism receptacle. 

17,000 (each SPS mod- 
ule) 

Steering mechanism must be Instal- 
led In secondary structure prior 
to Installation, 

Reflector Control 
Circuitry 

Secondary Tapes 
Joined to Peripheral 
cables 

BT (2.1. 2.7) 
C/C Option A 

Electrical 

connectors 

Electrical plug connections at; 
17,000 facets, '*1400 secondary 
structure Joints, and*»30 primary 
structure Joints. 

Join secondary tapes to peripheral 
cables to maintain tension on 
SECS 

**18,400 connections 
(each moduli) 

2li each quadrant- 

All control and power distribution 
wiring Installed On structure at 
manufacture. Potential Interfer- 
ence with secondary structure. 
Difficult to automate. GEO envir- 
onment, No support structure, 
therefore free-flyer Is applicable, 

Resupply Sean Build* 
eri 

Planned Unscheduled 
Service 

TDD 

Latch roll In receptacle and feed 
material strip Into machine slot. 

A/R 


Replace/Recharge 
Battery Systems 

Planned unscheduled 
service 

TBD 

Dattery-lead Junction opening and 
closing 

A/R 


Service ERulpmciit 
Propulsion Tanks 

Planned unscheduled 
service 

Liquid propel- 
lent 

Connect propellant fill and drain 
linis. 

A/R 

Remote control of flow initiation 
and stop. Servicing done In 
explosion-safe area. 

Resupply Fastening 
device 

Planned unschidul ed 
service 

Held material, 
glue. etc. 

Insert canister Into device and 
cysle operation 

A/R 

Small devicas reloaded In IVA 
environment, EVA required to 
service large equipment. 

Replace SP5 Comod' 
Ity Modules 

Planned unscheduled 
service 

Module attach 
fittings 

Standard attachment mechanism 
designed for use with mnota con- 
trolled equipment 

A/R 


Lubrication 

P lanncd/schedulad 
Mlntanance 

Lubricant 

dispenier 

Attach dispansar to fitting 

TBD 

Could be clinlnated by Incorpor- 
ating in an automatic system 

Solar Celt and Coil” 
eentrator Matirlal 
Attachment 

TT (3.1.6 t 3.1,7) 

Solar cells or 
flexible sub” 
strata. Con- 
centrator Is 
flexible thin 
plastic. Botl 
attached at 
the edges to 
the truss 
structure snd 
both "slppar- 
ed* together 
to provide 
elestricil 
contiet. 

TBO 

24 places 

Make Initial connections by MnuaV 
meeni. Automated thereefter ex- 
cept for maintenance or to atart 
new rolls of matarlalt. 

Power Distribution 
System 

TT (3.1.8) 

Conductor 
cables at 31.2 
kg/iwter 

Feed out conductor from concentra- 
tors Joined to conductor cables 

8 electrical connectors 
at each and of SECS 

CibU Installation to structura 
Is automateif 

Transition Structure 
(SECS to MPTS) 

TT (3,1.10) 

TBD 

Centroldal fittings 

At end of SECS con- . 
structlon. *<6 beams 
Installed. 

Part of facility structure used to 
maintain poslttva contact between 
SECS and MPTS structurei. 

Auxiliary Equipment 
Mounts 

TT (3.1.11) 

TBO: 

Hard mounted to structure - mech- 
anical Mid, etc. 

**5S 
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Table d. 4.1-4 (Continued) 




■ " PUHCTIOHAL CHARACTERISTICS 

SK EUKKT 

SCUKE 

WTERIALS 

JOIKT 

PROCESS CYCUS 

COHSTRAIHTS 

Htllua aod MK 
S>itw Mch«r9* 

Planned/scheduled 

MinteMnee 

Connectors 

TBO 

Connect servlet Itnts to SPS 
syste* 

TBO 

Manual system Justified because 
of few occurrences 

Troub1*tlio«t1it| 

CMtinganel**' 

Test Instru- 
mentatlofi 

Connect Instrumentation to SPS 
test points 

A/R 

Requires caution and dextarlty 
because of potential hazards In 
power c)ccu+ts. 

Oft-ilU lUfttr* 

C4)«tin|emciM 

Parts and re- 
pair kit 

Leak Repair 
kit 

Remove and replace 'flexible Hter- 
Ia1 

Repair leak 

A/R 

Requires stible base. Requires 
on-stti Judgment and dexterous 
task activities. 



Cable Splice 
Kit 

Splice cable break 





Conductor 
repair kit 

Repair conductor break 






HIscellaneous parts replacement 


* 



Module’ At- 
tach Fittings 

Replace SPS 1tne-replaceab1e-unlt 
(LRU) 


Requires stable base/attachment. 
LRU exchange could be automated. 

Solir C«ll toll 
Mount* 

C/C Option 1 


Install mounts for solar cell 
rolls to column structure. 

60 pairs In each' 
quadrant 


Switch G*in 

C/C HPTS d. 2.6.1 
TT HPTS 3. 2. 6.1 
BT HPTS 2.2.6. 1 

. 

AlVe 

Contact latches 

16 switch gears, 2 to 
6 latches each 

Built into bottom of secondary 
structures (where applicable, 16 
places) 

El'ctrical Corwluc- 
tor* (between Joint 
bu* and switch 
gears) 

C/C HPTS 6. 2. 6. 2 
TT HPTS S.2.6.2 
BT HPTS 2.2.6, 2 

Aw 

Quick disconnect concept incorpor- 
ating autoautic latching, or may 
require external force/torque 
mechanism 

16 

Successive fastening tasks up to 
100 meters,,>sart (or conductors 
can be attached to switch gears 
prior to placennent of switch 
gears Within antenna substructure; 
then connection* only required at 
Joint bus) 

Electrical Conduc- 
tors (between 
switch gears and 
distribution pts) 

C/C HPTS 6. 2.6.3 
TT HPTS 3.2.6.3 
BT HPTS 2.2.6.3 

Aw 

Same at above. 

*wiOOO 

Fastening required at 1000 differ- 
ent locations, over whole surface 
(back surface) of MPTS. 

Electrical Conduc- 
tors (» distribu- 
tion ^ints between 
subarra^s) 

C/C HPTS 6.2.6.6 
TT HPTS S.2.6.6 
BT WTS 2.2.6.6 

Aw 

Sam as above 

"*7000 

Fastening required f 10 meter In- 
crements over whole surface (back 
surface) of MPTS. 

Support - 

Counttrwcight Com 

C/C HPTS 6.2.7.1 

AW 

Centroidal Joint With probes and 
drogue fitting, requires external 
torque mechanism for hard mate. 

120 beams 


Counterweight (in- 
cluding CMGs) 

C/C HPTS 6.2.7.2 


Veld counterweight pieces; CHG 
assembly latched to counterweight 

1 countirwalght assy - 
several plKts (mas- 
sive) 


Computer 

C/C HPTS 6. 2. 8.1 
TT HPTS 3.2.B.1 


Latched to structure In btse of 
HPTS substructure 

1 


Wiring (between 
computer, reference 
subarrays and drlva 
systoa) 

C/C HPTS 6.2.8, 2 
n HPTS 3.2.a,2 

AW 

qutek disconnect concept incor*^ 
grating eutotnatic latching* or 
may require externa] force/torque 
mechanism 

8 lines 

Sixteen connection! required over 
distances up to 1 km, (f accamp-- 
lished leparitily. 

Drive System and 
Power Transfer Mech- 
*nls» (rotary Joint 



TBD 

Several K^O) 


Electrical Conduc- 
tors (rotary Joint 
buses) 

HiH 


Quick disconnect concept incorpor- 
iting automatic latching, army 
require external force/torque 
mechanlsn. 



Rotary Transformer 
AsseeAly 

BT HPTS 2. 2. 8. 1 


Multiple centroidal with probes 
and drogue fitting. Requires ex- 
ternal torque mechanisai for hard 
mate. 

1 


Power Conversion 
Equipment and Ell- 
tor 

BT MPTS 2.2.B.2 


latched to extension structure - 
multiple points 

Several (mlO) 


Structure lewes - 
Rotary Joint 

TT HPTS 3.2.2.1 


Centroidal Joint with prube and 
drogue fitting. Requires exter- 
nal torqut mechanism for hard mate 



<wlDO beams 
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Tdbte Z. 4, 1-4 (Concluded) 


SPS £LEH£HT SOURCE 

Primary Powtr Buj BT (Z.1.3.1) 

Tnrsscs 

Spinal Truss BT (2.1. 3.Z), 

Bus Bar Comwctlons BT (2.1. 3. 3} 


WTERIAIS 

TBD 


Electrical 
conductors 
connected tr 
power truss 


Auxtllaiy Equipment BT (2.1. 4.1) 

Haunts 

KPTS BT (2.1.4. 2 I 4.2,1] 


Orbit Transfer 
Sys tern 

BT (2.1.4. 3) 

TBD 

BPS Modules 

ST (4.1.2) 

SC structures 

Spinal Trusses be- 
tween PCSi 

8T (4.1.3) 

TBD 

Solar Cell Packages 

C/C Option A 

Solar cells 
on flexible 
substrate - 
all In panel 
fora 

Concentrator Rolls 

C/C Option A 

Alumlnlsed 

flexible 

wterlal 

Extension Structure 

C/C HPTS 4.2.1. 1, 

Any ■ 


nitiCTlOKAL CHARACTERISTICS 

JOIHT PROCESS CYCLES 

Autt weld to SC support structure Z (each SPS imdult) 
base. 

Mold to prticory power bus trusses, 1 (each SPS iroduU) 
Mechanical connections 6 (each SPS aiodula) 


Hard mounted to structure 


Temporary mechanical attachment at Once In LEO 
six places between HPTS face and 
bottom of SC structure on one mod- 
ule. 

Permanent mechanical attachment Once In CEO 
of rotary transformer assembly to 
edge of SC structure 

Mechanical and electrical connec- 3 each module 
tions to preinstalled SPS Inter- 
face 


CQHSTRAIKTS 

Requires alignment' prior to fasten- 
ing 


4.2. 1.2 

TT ms 3.2.1.1, 

3.2. 1.2 

BT HPTS 2.2.7 


module edges 

Beams butted and hard fastened 


3 places 

3 spans Installed 


Attached to column adapter frame 300 packages Installed Difficult to automate, CEO en- 
at bottom of trough. Rings at each quadrant. IBDO vlronment constraints on EVA crew- 

each panel are hooked on secondary ring attachments each men. 

tapes. quadrant. . 


Roll attached to column fittings. SO rolls Installed 
Material automatically attached to each quadrant, 900 
solar cell material. Periodic ring attachments each 
edge rings attached to secondary quadrant. 

Centroldal Joint with probe and "70 (C/C) 
drogue fitting. Requires external "60 (TT) 
torque mechanism for hard mate. "10 (BT) 


Dlfiicult to automata. 6E0 tnvlr- 
flpme'it conittjifhtt on EVA erexwn. 


Electrical Conduc- 
tor - between Joint 
and SECS 

C/C HPTS 4.2.1.3, 
4.2.2.3 

TT HPTS 3, 2.1. 3 
BT KPTS 

Any 

Ball Joint 

C/C HPTS 4. 2.2.1 


Support Arm Beans 

C/C HPTS 4. 2.2.2 
n HPTS 3.2.2.7 
BT HPTS 2,2.6 

Any 

Frames 

C/C HPTS 4. 2.3,1 
TT HPTS 3.2. 3.1 
BT HPTS 2. 2, 1.1 

Any 

Secondary Struc- 
tures 

C/C HPTS 4. 2.3.2 
TT HPTS 3.2.3, 2 
BT HPTS 2.2. 1.2 


RadlaV Cables (be- 
tween MPT5 rlngt- 
fraiKs) 

C/C KPTS 4.2.3.1 
TT HPTS 3. 2.3,1 
1 BT HPTS 2.2.1. 1 


Subarrays 

C/C HPTS 4. 2.4. 2 
TT HPTS 3.2.4. 2 
BT HPTS 2.2.2.2 


Electronic Packages 
Interconnects 

C/C HPTS 4. 2,5.1 
TT HPTS 3.2.5.1 
BT HPTS 2.2.3.1 

All wave- 
guides or co- 
ax ciblas 

RF Lines 
Facility Beams 

C/C HPTS 4. 2. 5. 2 
TT HPTS 3.2.S.2 
BT HPTS 2.2,3.e 
BT facility (1.1.4) 

TBO 

Facility Manipula- 
tors 

BT facility (1.1.4) 

TBO 

PCS Stanchions 

BT faellUy d.1.4) 

TBO 

Cavity Absorber 
Shell 

BT (Z.l.1,1) 

Titanium out- 
er skin. 
Insulation - 
25 CM of a1- 
welnum-tlllca. 
Inner wills - 


Duick disconnect concept. Hay 
require external fOrce/torque 
mechanism. 


1 Joint (<10 veld 
points) 


Kay require Jig. 


Centroldal Joint with probe and /^EO C/C) 
drogue fitting. Requires external "60 TT) 
torque mechanism for hard mate. "20 (BT) 


66 frames (attached t 
corners) 


96 secondary struc- 
tures (3 attachment 
tasks each) 

160 cables 


7854 lubarrays 


SaxfC as above, plus factor that 
angle between frame ends is not 
0® (different fittings) 

Three-point attachment at base to 
top of frame structures 


Cable’ attached to frame at one 
end, through: adjustable reel at 
other end. Tension mechanism 
required at real end. 

Three-point attachment to top of 
•secondary structures. 

Quick disconnect concept Incor- 


: Lines attached at center of anten- "700 
: na, other ends go to 700 separate 
^ points - quick disconnect concept 
I Hard fasten beam ends; t,g., weld 6 beams (each module) 

I Mechanical attachment to prcinstal- 8 
I led pads. 

Mechanical attaclinent to pretnstal- 4 
led pads 


Interference with secondiry 
structure, If fastening mechanism 
moves among all subarrays. 

Lines may require attachment to 
structure along length for sup- 
port. 


! Panel edges welded together, 
IHtllue lines connected by welding. 
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,vl96 helium llna eon- Assume helium tines brought out- 
neotlons (assume 2 con- side Cavity fOT ease of Joining 
nectlons for each of 
98 panels), 

"10,000 meters of pan- 

il edges WeUad. 


i 

i 

I 
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FUNCIIONAL CHARACTERISTICS 

S 

$K rUNCNT 

SOUdCE 

BESCAIFTIW 

PROCESS CWLES 

CONSrUlKTS 

rtcimy Twilvn 

K(H<t 

C/C facility (1,1.4) 
rr facility (1,1,4} 

Adjust tanslon rods to bring facility 
longitudinal baan Into allgnawnt. 

C/C - 12 tension rods, TT - 144 ten- 
sion rods. Rapeitid idjuibaenti In 
pairs until longitudinal beaias in 
aligned. 

fort* muit be reacted of^ one of 

beaiM In ayite* bdinj edJuited t* pre 
vent dliUrtlng lyitaai AIllMHnt. 
RequIrH UmniI etablllty fbr 
accurtqy, 

Ficlllty •««« End 
Mtcinfs (Adjutt- 

C/C facility (M.4) 
n faeliuy (1.1.4) 

Adjust baaa end fittings to align 
diagonal beaais 

C/C - 12 plici*; TT - 38 placet. 
Repeated adjus..',enti is required to 
eltgn facility framtuork. 


Fuintttf 

c/C (3.3) 

Adjust beaM end fittings to aaka t 
facilities wtually perpendicular 

IB idjustawnts, 


Kiln/PrlM Cabin 

C/C (4.I.2.S) 

Katnttln ctblti At 3000 K«wton 
ston 

Release and retention cablet each 
100 ■ of coluam construction. 144 
times, up to SS cables Involved 
towards and of construction. 


Ftrlpharal Cabin 

C/C (4.1.E.5) 

Maintain cables at 3000 Hewton ten- 
sion 

Release end retention cable each lOO 
ai of construction. 144 tlaas. 


Final Alignaant 

C/C (5.Z) 

Adjust main, prime, and peripheral 
cables as required to establish per- 
pendicularity of colunns and auka 
SECS flat. 

As required 

Cable reels must have Individual 
tikaup controls. Requires thanea] 
stability for iccuNta allgnMnt. ‘ 

SECS Support Tnititt 

TT (3.1) 

Adjust beam end fittings to align- 
diagonal beam plane 

504 adjusbMnt points, Rapeatad It 
required. 


SECS TantlOfl Aodt 

n (3.1.5) 

Adjust tension rods to bring SECS 
longitudlnii beans into alignment* 

12C0 adjustment points. Repeated as 
required. 


SC Tension Cabin 

8T (2.1. 2.4) 

Adjust tension cables to stiffen 
structure* 

24 to 36 adjustments. 

• 

Spinal Trusin ba- 
tmen FCSt 

8T (4.1.3) 

Adjust spinal truss length to Mke 
the axis of each of the solar con- 
centrators parillel. 

As required over the 3 spans. 

54 outer frames adjusted to 12 fraiMt 
of fiNt concentric ring. 

Alignment monitoring difficult 
because of great distance Involved, 

Fraacs 

C/C W>TS 4.2.3.1 
rr HPTS 3. 2.3.1 
IT HPTS Z.2.1.1 

Top surface of fraaies adjusted via 
tension In radial cables. Iterative 
process; mans required to determine 
If rings (made up of fraaias) are at 
stM laval. 

Adjusting Mchanitm uy require 
transport among radial cables bt- 
tmen rings. Procott my htve to 
be Npeited several times over 
all rings prior to placaawnt of 
secondary structuNS. 
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FUhCTIOIIAL CHARACTERISTICS 

SPS EttHINT 

SOURCE 

PAR'JIETER 

FREQUEHCY 

SUPPORT REQUIREHENTS 

CORSTRAIITS 

CI9 

FUNCTION 

a Structure Align'' 
««nt 

- Extension Struc- 
ture 

- Support Artts 

- Counterwight 
Support Struc- 
ture 

C/C HPTS 4.2.r.l, 
<.2.1.2. 4.2.I.3 
TT HPtS 3.2.I.I. 
3.2.1.2, 3.2.I.3 
BT KPTS 2.2.C. 
2.2.7 

C/C K>IS 4.2.7.1 

Beanu parallel or t 
right angles, angle 
meiiureeent 

As each section is as- 
ser-bled. up to 20 
processes 

Lighting, direct or rwota 
visual contact 


No 

t Frene Adjusteent, 
InstilUtlon 

C/C RPTS 4. 2. 3.1 
TT HPTS 3.2.3.1 
BT KPTS 2.2.1.1 

Frane-to-fraine ottach- 
nenti distance between 
concentric ring frames 
("ISO D>*. top beam of 
frames parallel end In 
sane*p1ane (ronitaring 
required by tasE) 

Continuous during ring 
construction 

Same IS above 


Ho 

1 Secondary Struc- 
ture 

C/C HPTS 4.2.S.2 
TT HPTS S.2.3.2 
8T HPTS 2.2.1.2 

Attachment of secondary 
structures to frame 
surfaces (monitor pro- 
cess} 

Continuous during 
placement of 95 secon- 
dary structure 

San: as above T 


No 

• Subarrayt » Insta- 
llation 

C/C HPTS 4.2.4.2 
TT KPTS S.2.4.2 
BT HPTS 2.2.2.2 

Attachnent of subarrays 
to secondary structures 
(monitor process) 

Continuous during 
placement Of 7851 Sub- 
arrays 

Sana at above 


No 

t fi&n Oolnt In- 
stallation* 

C/C HPTS <.2,2,1 

Attachment of ball 
Joint to extension 
structure 

Once, continuous dur- 
ing Joint Installation 

sane as above 


Ho 

a Electrical Conduc- 
tors 

- OotHcen Joint S 
SECS 

- Oetwesn Joint 
Cus S Switch 
Gears 

- Between Coa.puter 
Reference Suhar- 
rays and Drive 
System 

- Rotary Joint 
Buses 

C/C HPTS 4,2,1,3 
TT HPTS 3.2. 1.3 
BT HPTS 

C/C HPTS 4.2.G.2 
TT HPTS 3.2,6.2 
BT KPTS 2.2.4.2 
C/C KPTS 4.2.B.2 
TT HPTS 3.2.0.2 

TT HPTS 3.2.2.4. 
3.2.2.S, 3.2.2.6 

Conductor cable attach- 
ment (oonltorlng re- 
quired by task) 

4 

1$ 

0 

24 

Same as abova 


No 

a Electronics PicE- 
ages Interconnec- 
tions 

C/C HPTS 4.2.5.1 
TT HPTS 3.2.5,1 
BT HPTS 2.2.3.1 

Fastening process (mon- 
itoring required by 
task or monitor auto- 
natlc process) 

”>7000 - continuous 
during task 

Sane as above 


No 

• RF Lines 

C/C HPTS 4.2.S.2 
n HPTS 3.2,5.2 
BT HPTS 2.2.3.2 

Attachment task (moni- 
toring required by 
task) 

"700 continuous during 
task 

Same as above 


No 

a Switch Gears 

C/C KPTS 4.2.6.1 
TT HPTS 3.2.C.1 
BT HPTS 2.2.4.1 

Switch gear attachment 
to structure (monitor- 
ing required by task] 

Continuous during task, 
16 times 

Lighting, direct or ramoti 
visual contact 


No 

» Electrical Conduc- 
tors 

- Between Switch 
Gears and Dis- 
tribution Point: 

- Between Subar- 
ray 9 Distribu- 
tion Points 

C/C HPTS 4.2.B.3 
n HPTS 3.2.6.3 
BT HPTS 2.2.4.3 
C/C HPTS 4.2.6.4 
TT KPTS 3.2.6,4 
BT KPTS 2. 2.4.4 

Conductor 8ttach>ment 
(monitoring cither' 
required by task, or 
aionltor autonatle 
process) 

10Da.tlnes, eontthious 
7000 times, continuous 

Sane as above 


No 

a Counterweight • 
Asscr.bly/lnstal- 
latlan 

C/C KPTS 4.2.T.2 

Honltorlng required by 
task 

Once 

Sane as above 


No 

a Cociputbp - Insta- 
llation 

C/C HPTS 4.Z.8.1 
TT HPTS 3.2.8.1 

Same as above 

Once 

Same as above 


Ho 

a Drive System and 
Power Transfer 
Hechanism - Insta- 
llation 

TT HPTS 3.2.2.2. 
3.2.2.3 

Same as above 

Once 

Same as above 


Ho 

a RTA Installation 

BT KPTS 2.2.8. 1 

Same as above 

OncQ 

Same as above 


Ko 

• Povfcr CcnvorsloD 
EquipR^ent & 
ter InsUlUtlon 

BT HPTS 2.2.B.2 

Same as above 

Cnee 

Same as above 


Ho 

a nadlai Cable In- 
stallation 

e/C HPTS 4.2. 3.1 
TT HPTS 3.2.3.1 
DT HPTS Z.2.1.1 

Same as above 

Continuous during In- 
stallation of IBQ 
Cables 

Same as abova 


No 

Helium and NaK 
Recharge 

Planned/schcduled 

Butntcnance 

Hechanlcal and/or 
electrical 

A/ft 

Leak surveillance 


HO 

Troubles hooting 

Ccntlngenclea 

Physical observation 

m 

Optical system controlled 
remotely or EVA erewnan 

Environment 

HO 

On-sIte Repairs 

Centlngenelec 

Physical observation 

A/R 

Assessment of danage, eval- 
uBtlon of fix reoulrenents. 

Requires judgment end de- 
cisions based on Observe 

No 


II 1-98 



Tc^le S.4^1-6 (Concluded} 




' FUhCTIDIIAL CtWRACTEftlSTICS 


SPS ELEMNT 

SOURCE 

PARAMETER 

FREQUEHCV 

SUPPORT REqUIREMEHTS 

COHSTRAlllTS 


F»eI1Uy Bt«ii Align- 
rwnt 

C/C facility (l.l.A 
n facility (l.M) 

Physical alignment of 
beams 

C/C; 30 angles align- 
ed 

TTt m<350 angles 
aligned 

EVA ereunen to Install and 
operate al Ignment jigs or 
optical devices. Lighting 
aids. 


No 

Facility Docking 
to Hub 

C/C facilities (J.3 

Physical alignment and 
engagement of facili- 
ties to hub 

IS beam ends 

Video viewing or EVA ertw- 
men 

GEO environmental con- 
straints on EVA crewmen 

Ho 

Facility Allgmocnt 

C/C /acllltlai (3.3 

Assure 6 facilities 
are mutually perpen- 
dicular 

Once for Initial 
alignment. Continu- 
ous for coluai align- 
ments. 

Alignment device to aid In 
aligning facilities at 
start and to maintain col- 
umns In perpendicularity. 

GEO environmental con- 
straints On EVA crtMwen 

No 

SECS Flitneta 

C/C (5.2) 

Physical measurement 
of SECS for flatness 

As required 

Sighting aids. Takeup pro- 
visions In prime cable 
reels. 


No 

Assembly Gtneral 
Survaljianca 

All 

Physical mating or 
placement activities 

• Beans 
a Cables 

• Reels 

a Solar Cell Packages 
a Concentrator Rolls 
a Tension Rods 

• Power Distribution 
Connectors 1 Con- 
ductors 

a Auxiliary Equipment 

Many 

EVA crewien op video eapi- 
bllltles for Hide ingle end 
zoom. Display area In IMF. 
Lighting at site. 

CEO environrwent 1 1mitations 
fop EVA. 

C»H for 
all aut» 
mated 
SyttaeS 

SPS Kodule Align* 
nent 

BT (4,1.3) 

Assure all four SPS 
nodules art paralleled 

Once 

Adjust spinal truss length. 
Optical measurement of SPS 
module alignments. 


Ho 

Recharge Battery 
Systems 

■"linned unsched- 
uled service 

Electrical 

A/R 

Automatic shutdown capabil- 
ity. Creman In vicinity. 


Yes 

Service Equipment 
Propulsion Tanks 

Planned unschfd- 
ui td service 

Mechanical and/or 
electrical 

A/R 

Redundant safety features. 
Leak surveillance. 

Isolated explosion safe 
area Required 

Yes 


Table S.4.1-7 Genei'ic 'Bvooess - Checkout 


SPS ELEKENT 

SOURCE 

FUNCTIONAL CHARACTERISTICS I 

parameter 

PROCESS cycles 

SUPPORT REQUIREMEMIS 

COHSTHAIKTS 

Control end Display 
Station 

C/C (5.0) 
TT (4,0) 
BT (5.0) 

Activate subsystems and verify op- 
erations 

a ACS t Powwr Ceneretton 

• lie e Cooputers 

a CMGs 

Per systam 



tcAX Check 

BT (2.1.1. 5] 

Verify no Iciks In beliiM end NaK 
piping at four PCSs 

2 systms In each of 4 
modules 



Rechtrge Better/ 
Systems 

PUnneff tinsche^led 
service 

Verify system charge and itrvlce- 
abillty 

A/R 

Instrumentation and veri- 
fication function (crew- 
man Or computer) 


Troubleshooting 

Conting^efes 

Ins£runentatfon tests on systcH 
to isolatt Mlfunctfon 

A/R 

Automated checkout func- 
tions minimizes manned 
Involvement. 


On-sIte Repairs 

Contingencies 

Instrunentatlon taste on o 'tern to 
verify repair 

A/R 

Automated checkout func- 
tions minimizes aunned 
InVolvamant. 


Electrical Continu- 
ity (between doint 
and Distribution 
Points) 

C/C HPT5 4. 2. 2.3, 

4.2.5.2, 4. 2.5.3 
TT MPIS 3.2.2.3. 

3.2. 5.2, 3.2.G.3 
BT HPTS 2.2.4,2, 
2.2.4. 3 

Existanca of current 

-1000 


Conductor path checked Is 
1 km long 

Electrical Continu- 
ity (between Sub- 
arrays) 

C/C 8PTS 4.2.5.1 
n MPTS 3.2.5.1 
BT HPTS 2.2.3.1 

Existence of current 

-785 (every group of 
10 subarrays] 


CfKckid paths arc 100 m long 
over Whole 1 ba die antenna 

Pointing Control 
System Continuity 
(between Drive 
Systeai and Reference 
Subirreys) 

C/C HPTS 4.2.8.2 
n HPTS 3.2,S,2 

honfnfinitt resistance 

8 lines 


Checked paths ire-700 atatert 
long 
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Tdi)te 3. 4, 1-^8 Otheyy ConstmoHon Opemtiom 



PROCESS INVOLVED 

SPS APPLICABILITY 

TASKS 

T 

R 

A 

K 

S 

P 

0 

R 

T 

H 

A 

N 

0 

L 

E 

A 

L 

I 

G 

N 

F 

A 

S 

T 

E 

N 

A 

D 

J 

U 

s 

T 

H 

0 

N 

I 

T 

0 

R 

c 

H 

E 

C 

K 

0 

U 

T 

C/C 

TT 

BT 

PLANNED UNSOIEDULED SERVICE 











Resupply Beam Builders 

X 

X 


X 




X 

X 

X 

Replace/Recharge Battery Systems 


X 


X 


X 

X 


TBO 


Service Equipment Propulsion Tanks 


X 


X 


X 



TBD 


Resupply Fastening Device (Weld, 
Glue, etc) 

X 

X 


X 





TBO 


Replace SPS Coniaodlty Modules (ACS 
Tanks) 

X 

X 


X 




X 

X 

X 

PLANNED/SCHEDULEO MAINTENANCE 











Lubrication 

X 

X 


X 




X 

X 

X 

Remove Reflector Facet Layer 

X 

X 








X 

Recharge NaK System 

X 

X 


X 


X 




X 

Recharge Helium System 

X 

X 


X 


X 




X 

CONTINGENCIES 











Troubleshooting 











• Visual Inspection 

X 

X 




X 



A/R 


• Instrument Checks (on-site) 
Personnel Rescue 

X 

X 


X 



X 


A/R 


• Single Personal ECLSS 

X 

X 







TBD 


• Multiple Personnel ECLSS 
Repairs 

X 

X 







TBD 


• On-slte 











- SPS Damages 











• Material Rip 

X 

X 


X 


X 


X 

X 

X 

• System Leak 


X 


X 


X 




X 

• Cable Break 

X 

X 


X 


X 


X 

X 

X 

• Conductor Break 

X 

X 


X 


X 

X 

X 

X 

1 

X 

- Component Replacement (LRU) 

X 

X 


X 



X 

X 

X 

X 

- Fixed-base Construction 
Equipment (e.g., beam builder) 

X 

X 

X 

X 


X 

X 

X 

X 

X 

• Return to Shop 











- Mobil e/Portable Equipment 

X 

X 







TBD 


- Modules (with SRU Components) 

X 

X 




_ 



TBD 



✓ 


Ill-lOO 



3. 4. 2 Combined Geneva ReauiTementa 


The separate generic process requirements tables were summarized and 
combined into one table (Table 3. 4. 2-1) which facilitated analysis of the 
SPS element functional requirements across processes. In this way, require- 
ments commonality and quantitative trends could be more easily recognized, 
and potential areas where common equipment might be adaptable to more than 
one element or process could be identified. 

The combined table was utilized as an analytic tool to establish the 
general types of OCSE (in qualitative terms) which would be required. The 
more detailed data contained in the separate generic process tables were 
utilized as required to quantify requirements. Figures 3. 4-2-1, 3. 4. 2-2 
and 3.4. 2-3 depict some representative SPS data in quantitative terms 
(unit mass, transport distance and handling distance respectively, as a 
function of frequency of occurrence) . Although there is a high degree of 
scatter evident in the data (due to the diversity of elements involved in 
SPS construction), some limited assessments can be made. Figures 3. 4. 2-1 
and 3. 4. 2-3, for example, tend to suggest which group of high frequency 
elements might be accommodated by automated systems, and that the group of 
less frequently occurring items be more directly controlled. Figure 3. 4. 2-2 
shows that element transport distances are dependent to some degree on 
the particular SPS concept, and the corresponding proposed locations of 
construction and logistics facilities. 
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Figure 3.4.2-J Element Frequenay Vs Unit Maes 

KEY FOR NUMBERED EXAMPLES : 

1 Reflector Facets (Boeing Thermal) 

2 Subarrays, MPTS 

3 Column Beams (Colunin/Cable) 

4 SECS Support Trusses (Truss Type) 

5 Rotary Joint Structure Beams (Truss Type) 

6 Cable Reels (Column/Cable) 

7 Concentrator Material (Column/Cable) 

8 Extension Structure Beams (Column/Cable, Truss Type) 

9 Solar Concentrator Support Structure (Boeing Thermal] 

10 Busbar Harness (Boeing Thermal) 

NOTE: Several SPS elements exist with masses >10 kg and frequencies of 
occurrence <10. 
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Figure 3. 4. 8-2 Element Frequency Transport distance 
KEY FOR NUMBERED EXAMPLES: 


1 Reflector Facets (Boeing Thermal) 

2 Subarraysj MPTS (Boeing Thermal) 

3 Subarrays, MPTS (Truss Type) 

4 Subarrays, MPTS (Column/Cable) 

5 Cavity Absorber Shell Panels (Boeing Thermal) 

6 Solar Cell Rolls (Column/Cable) 

7 Column Beams (Column/Cable) 

8 Facility Beams (Column/Cable) 

9 Switch Gears, MPTS (Truss Type) 

10 Sv/itch Gears, MPTS (Column/Cable) 
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Fi-gvoce 3. 4. 2-3 Element Frequenoy Vs FandVing Bistanee 

KEY FOR NUMBERED EXAMPLES ; 

1 El ectH cal Conductors, MPTS Subarrays 

2 SECS Support Trusses (Truss Type) 

3 Secondary Tape Ends (Column/Cable) 

4 Tension Rods (Truss Type) 

5 Turbogenerator Sets (Boeing Thermal) 

6 MPTS Frames 

7 Main/Prime Cable Reels (Column/Cable) 

8 Secondary Structure, MPTS 

9 Radiator Segments (Boeing Thermal) 

10 Radiator Frame Structure (Boeing Thermal) 
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Table 3,4.Z~1 Cojubined (fOneHo Hequy*>menU 




ElEMENT CHARACTERISTICS | 


IHSS 

OMir/TOTALl 

CONFIGURATIOII 

PROCESS 

CrCEES 

Facility B«ar.c 

3fi kg each 

m) 

2>45 D triangle x IIO m 
long 

IS (C/C) 


SS7 Ig each 

(n) 

10 M triangle x 550 m 
long (IT) 

118 (TT) 


21S Ig each 
(BT) 

B n sq beam x 125 n 

6 (BT) 

:o1u«n Hub Beams 

10 to 40 kg 
each 

2.45 M triangle x S to 
112 M long 

31 

Secondary Tap* Raeli 

10 kg each 
2400 kg MX 
pkg mass 

rsQ 

1 ea 2400 
kg package 
to 2 facil- 
ities: 1 ea 
1800 kg 
package to 

2 racflltle 

Peripheral Cables 

CB2.000 kg 
each 

Reel 

4 each to 2 
facilities 

Solar Cell Fackigei 
(C/C) 

Max pkg MS: 
40.000 kg 

Max package 10 x 10 x 
6 meters 

12D pkgs 

CoiKentrator Mater- 
ial (C/C) 

Hat pkg 
mass 5000 

100 noter long rolls 

240 rolls 

Solar Cell Blanket 
Installers (H) 

Total - 
7 X lOO kg 
plus mount 

Roils E5D ffl long, 14 
ft diameter. for all 
material 

4 rolls 
8 niunts 

Construction Equip- 
■ent (e/C « TT 
Facility t BT) 

TDD 

T60 


Concentrator Instal- 
lers (TT) 

Mount TED) 
Total mat- 
erial 7 X 
105 kg 

Rolls 550 m long 

8 rolls 
18 mounts 

tension Cable Inst- 
allers (IT) 

IBO 

TOO 

30 

’omr Dtstrlbutlon 
(amoss Installers 

(n) 

163,000 kg 
each 

Includes 4 12 cn dta 
cables per Installer 

4 (2 8 ea 
end wall) 

Auxiliary Facility 
Equljoient (TT) ( 

TDD 

PropulsfODi ACS» 6^&C 
Hodules 

20 

Auxiliary 5PS Equip- 
mot 

- ACS Hidules 

- ItC ItoduTes 

- ItoUiitlns Provi- 
sions 

355.000 kg 
total! 

7000 kg ea 
4000 kg 
total 


so 

rgo 

S4 


DISTANCE 

-TPnNSPOMt ^ 

ATTAtHHEWT 

COMSlCERATIONS 

50-100 n 
(C/C) 
50-1300 
" (TT) 

Access thru facility 
fraoework, spread 
loads. 

■>200 n 

sccess thru Facility 
rra«work, spread 
loads. 

LF tfl CF 
13 miles 
FF 

IB Biles 
attached 

’sekaoed on 2400 kg 
:r 1800 kg reels 

EF to CF 
13 allies 
FF 

13 miles 
attached 

’Bckages 183 r 7 ea 

LF to EF 
13 miles 
FF 

18 miles 
attached 

Packaged in groups; 
lackages Progress- 
ively sinailer 

LF to CF 
13 miles 
FF 

IS miles 
attached 

Packaging In groups 

LF to 

tnstell- 

BtSoi) 

point 

3900 n 

max 

Mount TED 

IF to 
Install- 
ation 
point 
3900 N 
max 


LF to 
Install- 
ation 
point 
2500 m 
max 


LF to 

tostall- 

atton 

point 

2500 n 

max 

Z Installed at be- 
ginning of construe- 
tloni 2 at end of 
construction 

LF to 
Install- 
ation 
point 
3900 m 
max 

Heed provision for 
aligning nodules 

Instal- 
led In 
Facility 
up to 

2600 B 

FrcpeTlant haaard. 
If damaged 


DlSTAf^CE 


CEHEIl] 

SiS 


OT1 

SUP^ 


[C/CJ 
$o-3;}o I 
(TT) 

125 A 


lodal droi 
^ceurt^:^ 
srAl« $ I 


UOCI m 


lodal drof 
Ucuncyi I 
:rat| i 


12 Nwtortf' 
kutCNMtlcdl 
Med 1 


R5 a 


*ab1es Ar« 
Juctori • 5 
^tder^tlM 


hOOn 


10 per im 
10 pacl«9« 
it Z /ac1f| 


too n 


2 per irrti 
repeated X 
,0 each of ^ 
ttfes 


,300 Q 


iPosUU. J 
Ipliee rot< 
'mounts 


300 n 


PosttiPn ■ 
place rolfi 
founts j 


25 A 


piold for ■ 
[attachxnt 
ilty struct) 


2600 SI 


(old for ■ 
Uttaclment 
jity Jtructi 


25 ID 


Hold for I 
attachment 
Ity struct 


Hsar 
facility 
struc- 
ture 


Prebe i dr 


Probe X dr 


Hard mount 
structure, 
aHgnroent 


FOUpODV: JfRAME "3- 


Ii3 


C£NEitIC PROCESSES 



PORT 

HANOI.F 

Aun»i 

FASTEN 

ADJUST 

HQNIIOA 

CHECKOUT 

REMARKS 

TTACH.'iENr 

SIDERATIONS 

DISTMCE 

co;iS7AAinis/ 
SUPPORT RrOKTS. 

TASK DESCRIPTION 

TASK DESCRIPTION 

task oescripticn 

PARAMETER 

PARA7IETER 


thru Tacllfty 
Qrhi spread 

•70 n 
IC/C) 
iO-300 « 
in) 

125 b 

lodsi drogue fitting 
hccuraoy: 1 cm lat- 
eral , ip angular 

DTs Align beams prior 
to welding: facility 
proyides Jig for.eavlty 
censtruction 8 places 
per facility. 

Centrold&l Joint with prob 
and drogue^ external tor- 
nue required for hard mate 
(C/C): 16 beams * both 
ends* 136 beam ends (TT)* 
IZ beam ends (BT) -* Welded 

Adjust beam length 
0 12 places; repeat 
as required to al- 
ign facility 
C/C • 12 places 
TT ■ 38 places 

Alignment - 30 
angles; Jigs 
or optical de- 
vices required 
(EVA Instal- 
led) 

TT; 35 angles 


Ortp 8 both ends, or 
over: large area. Only 
work base may be prece- 
eding beam, not struc- 
turally stable. 

thru fatiniy 
orii, spread 

-100 m 

(odal drogue fitting 
teeuracyt 1 cm lat- 
sral, so angular 

HA 





Grip 9 both ends, or 
over lerge irea* Only 
work base may -be pre- 
ceedlng beam, net ~ 
strueturelTy stable. 

ed up 2400 Eg 
0 kg reets 

!OOm 
frotri fac- 
ility 

12 Heutons tension 
lUtimattcally app- 
let! 

tt 

Reel base plate meeban- 
Icilly attached tc struc- 
ture) 840, places 





es l^S bO ea 

’5(11 

tables are power con 
Juctors - safety con 
(iderations 

w 

Red base plate atechan* 
lealiy attached to struc- 
ture 

Release/retension 
cables each 100 m, 
144 times 




ed in groups^ 
es progress- 
sn^uer 

100 p 

10 per array channel 
iO packages 0 each 
)f 2 facilities 

HA 

Attach pkgs to coTimn* 
Interconnect 10 x 10 n 
panels; 9 connections 9 
each of 1200 rows of panels 
(x 120) 




Automated fastening 
lysteni desirable; But 
*ol1 mass would be 
ireat. 

p{ng In groups 

too n 

2 per array channel 
repeated 120 tines 
0 each of 2 facil- 
ities 

NA 

Attach rolls to coltruif 
attach concentrator mater- 
ial to solar cell conduc- 
tors 









Rings hooked ever capes; 
9000 rings/facllity - max 
600 rlngs/200 m - 




Difficult to c'-rlbinatc; 
GEO £VA constraints 

TBD 

JOO ni 

Pcsitl.. ^atits: 
place rolls In 
mounts 

HA 

Hechanfcally fasten inounts 
to structure 




Supply SC roll 14 times 
Eecb roll Is then 
500,000 kg 


300 n 

Position inounts; 
place rolls In 
mounts 

KA 

Hechanlcally fasten rwunts 
to structure 






25 M 

^k)1d for mechanfcal 
attachiKiit to facll* 
It/ structure 

NA 

Mechanically faste'n mounts 
to structure 





ailed at be* 

? of constw- 
Z at end of 
uctfon 

2600 a 

ilold for nechentcal 
ittachmene to facil- 
ity structure 

NA 

Mechanically fasten inounts 
:o structure 





njvfsfon for 
Ag npdules 

25 n 

Hold for nechsnlcal 
attachment to facll* 
ft/ structure 

Align by adjusting 
mounting provisions; 
measures SECS/'S tructure 
positions 

Hechanfcally fasten to 
facility structure 

Hard (wunted to structure 
"30 (C/0) 

"55 (TT) 





lant hazardi 
aged 

Kaar 

faeftUy 

stnlc* 

ture 

Probe k drogue 
Probe k drogue 

Align by adjusting 
mounting provisions; 
measure 5£CS/structure 
positions 







Hard mounted to 
structure* requires 
alignment 








I' 


m-105 


Table S,4.2~l (Cont-inued) 


SPS 


ElEHENT CIMRACTEBISTKS 


CEKERIC 9mi 

MSS 

:UKIT/TOTAL) 


PROCESS 

CYCLES 

TFauSWJKT 

II.M/UIE 

ELEHEKT 

COIIFICURATIOH 

DISTAIiCE 

ATTACllMiUT 

CCNStOERATIDJIS 

015TA11CE 

Cm45IRAlNH 
SUPPORT REOm 

Tensfgn Rods 
(C/C) 

• 

5 kg 

Small -Hlaneter filament 
with probe end fitting 
and adjustment (e«g«, 
turn-buckle) 

12/fac11- 
Ity; plus 
es4 0 A fa- 
elittlesi 
and 431 « 

2 facul- 
ties for 
SPS 



141m 

Accuracy; 1 ctf 
erali tngulj 

Insertiin nodel^ 
drogue flttinf e 

Coluvi Dmijs (C/C) 

26 kg each 

2.4S n trfanguUr X 
100 m Tong 

857 0 4 
facilities 
435 9 2 
facilities 



"70 n 

Accuracy: 1 ^ 
era] , 5° anguVa, 
Insert in nodal' 
drogue fitttnfj 

Ficllltles {Dock 
to Hub) 

IJM kg + 
base facl1~ 
Itles 
Est. 

100, DOO kg 

100 n triangular x 
200 ffl long 

5 

once for 

initial 

alignment^ 

contlnuout^ 

for column 

alignment 



Oocktng 

place- 

sent 

-acuity ACS tg 
/Ides gross pi* 
nentt slmuUaiii 
Insert 3 proOri 
1 cm lateral, 1' 

f 

ftalji/Prtw C»b1e 
He«!« (C/C) 

<0 Ig 


104 reels 
9 CF-1 1 
CF-3 



loom 


Holn Ciblos 


Deployed from faetlt* 
ties by reelss final 
length up to 12«7 
ntles , 

32 cables 



15 n 
Initial 
:onnec- 
clon 


Pritie Cables 


Deployed from facili- 
ties by reds; final 
lengths up to 10 miles 

72 reels 9 
CF-1 i CF-3 
288 cable 
ends 



15 n 
Initial 
:onnec- 
tlon; 

100 1) 

from fa- 

:11lty 

luring 

;on:tru:- 

cion 


Secondary Tape Ends 



840 



25 m 
from 
faclllly 

Attach tape efidl 
peripheral cab| 

Poxer Distribution 
System on SECS 

Swll . 

Electrical connector to 
peripheral cable 

2 per array 
Channel 



<25 n 

Connector p1ug| 
gagenent; may ^ 
Quire fine dent 
(EVA creMnan) ^ 

Rower Distribution 
System Conductors 

63 kg/meter 
m length 

Cables •* 17 on d|a 

4 cables to 
each HPTS 




Installed aloiif 
umn ind hPTS w 
sion structurtJ 

Tension Rods (TT) 

!0 kg 

Small 

Facility - 
80 SPS 
truss - 
1250 



900 m 

Insert In rwOu 
drogue fl, tings 
Accuracy - 1 ca 
oral; 5° angull 

Btim Builitrs (TT 
facility) 

(C/C facility) 

<l0»000 kg 

est* 

IS.OCO kg 

ea 

13 meter dla, eytin** 
drical 

5 a) d|a X 16 n 

32 (n) 

5 per C/C 
CF 



son 

Capture place 4j 
position for at 
merit to faetllC 
structure ^ 

SECS Support Trusses 

837 kg 

10 m triangular X 650 m 
long 

12F8 total 
28 t Onp 
operation; 
7 In One 
bay 



25 n 

Engage end pro* 
to centroldat t 
ting 1 

Transition Structure 
(SECS to HRTS) 

Small 

Short 10 n beams 

Once 8 end 
of SECS 
construc- 
tion ( 6 
beans In- 
stalled) 



25 M 

Engage end probi 
to centroidal t 

ting \ 

Solar Cell ar>d Con-> 
centrator Material 
Attachment (TT) 



24 places 






\ 


For4.*'OUT fkim 


GENERIC FROCESSES 



>0RT 

HANDLE 

ALtr.N 

TASTEU 

ADJUST 

hunnoR 

CKECKOUT 

rekArks ~ 

fIACH“illI 

ilOERATlO.'IS 

OISTAtICt 

CUHSIKAJMSy 
SUPPORT REOHTS. 

TASK OESCBIPTION 

TASK CESCRIPIIO.’I 

TASK CESCRIPTlOH 

PARAHHER 

PARAMETER 



141 n 

Accuracy: 1 tm lat- 
eral, p angular 
Iniertiln nodal 
d.-ogue fitting 


Probe and drogue; requires 
external torque for hard 
mate 

Adjust to bring fe- 
clllty longitudinal 
beams Into align- 
ment; repeated In 
pairs as required 



Only work base during 
facility construction 
may bo preceeding bean, 
not structurally stable 
Adjustment force must 
be reacted off bean to 
prevent distortion— re- 
quires theimal atablli- 

ty- 


‘•70 m 

Accuracy; l cm lat*’ 
era! , 5° angular 
Insert In nodal 
drogue fitting 






Grip beam 9 both ends 
or over large area; 
nay require 2 handlers. 


Ooekin? 

?1ace- 

ncnt 

Fielllty Acs pro- 
/Idej gross pUce- ' 
sent; stimiltsoeously 
Insert 3 probes _ 

1 cm Uteral. 1 ntn 



Adjust bean end 
fittings to riake 6 
facilities mutually 
perpendleular; IB 

adjustments 

Physical align 
nent & engage- 
nent of facll- 
Itlss; video o 
EVA (GEO con- 
straints) 15 
beam ends 


«ay require EVA assist- 
ance; need to grip all 
3 points of facility to 
prevent bending loads* 


zoom 



Reel base plate mechanical- 
ly attached to facility 
structure 





. 

25 n 

:onnec» 

lion 



Katntaln cables t 3050 
Newtons tension 

B main cables rale- 
ased & retension ea 
lOftn of colimn con- 
strue.; 144 times 





25 n 
InlUol 
:onncc- 
ifont 
200 n 
from f4- 

:mty 

luring 

:onstru:» 

lion 


■ 

Cable ends attached to 
SECS rings, 264 connection! 
rnax 20 ^ one operation 

Halntatn'^sblcs 9 
3000 Newtons tenslor 
-Release/retenslon e; 
IQOtn of constructio/ 
144 times, up to 96 
cables 



llfficult to autCKnate; 
•EO environment con- 
itraints on EVA* 


25 n 
from 

fiQlllty 

Attach tau ends to 
peripheral cable 


Attach B40 places 






<25 n 

Connector plug en- 
gansnent; may re- 
gotre fine dexterity 
(EVA crewnan) 


Concentratnr conductive 
material connected to per- 
ipheral cable -.conductors; 
240 total connections 




Electrical potential 
across alternate con- 
centrator peal^s xhen 
deployed* 



Installed along col- 
umn and KPTS exten- 
sion structure 


Connector plugs; attach 
cable to structure period- 
ically 






9(K> n 

Insert In nodal 
drogue fitting^ 
Accuracy * 1 cn lat- 
eral; 5« angular 



1260 adjustment 
points, repeated as 
required— adjust 
rods to bring SECS 
longitudinal beams 
Into alignment 





SO n 

capture place In 
position for attach- 
ment to facility 
structure 

C/C: Cross al Ignment 
prior to fastening: 

2*5 cm 9 100 m span, 
requires optical meas- 
uren^nt and theimal 
stability 

Nechanically fasten to fa- 
cility structure 
32 cycles 



■ 

' ■ 


25 n 

Engage end probe In- 
to tsentroldal fit- 
ting 


•Centroldal fittings, 2416 
total; 11 In one bay 9 one 
operation 9 5 day Inter- 
fiU 

Adjust beam end f It 
tings to align dia- 
gonal beam plane 5Ch 
adjust pts, repeat 
as required 





25 M 

Engage end'probe In- 
to Centroldal fit- 
ting 


Centroldal fittings; part 
of facility struccurejuse 
to maintain positive con- 
tact between 5ECS and NPT5 









Solar cells on flexible 
substrate. Concentrator 
Is flexible thin plastic* 
Both attached 9 edges to 
tniss structure and zipper* 
ed together (electrical 
contact) 




Initial conneetfons 
•^a^ua1; automate there- 
after except for main- 
tenance or to start new 
rolls. 


Table 3.4. 2-1 (Continued) 


s»i 

ELEKVr 


CLCHEHr CHARACTERISTICS 


GEHERIC EROCesL 

HASS 

UKlT/IOTAL) 

CONFIWRATION 

fROCESS 

CYCLES 

DISTANCE 

AlTACHK£hT 

COKSIOERATIOJJS 

DISTAHCE 

' ' coFiSTftAinfSJfe 
SUPPORT RtOHT^ 

rot*sr DlstHbutlon 
sj'stMi (n) 

31,3 kg/ffl 

Ccnduttor cables 

6 connect* 
ors at ea 
end of SECs 




- 1 

final ^Msmnent 
Mtln/Prlne/Perlph- 
cri] Cable! 







i 

1 

• &e«mS| Cables^ 
R«e1s - 

■ $oUr Cell Pack- 
ages 

t Conceiitrator Rolls 

« Tension Rods 

• Po«^er distribution 
Connectors 1 Con* 
doctors 

f Au^dllary Equip- 
wnt (C/C, TT, BT) 


Display area In IHF; 
lighting it sites 

Many 




1 

Control and Dljptiy 
Station (C/C> BT> 
IT) 







i 

PCS Stanchions 

25 kg 

Rod Kith base structure 

4 per fac- 
ility 

Up to 
300 n 


10 m 

Spot position— ht^ 
naunted to strucU^ 

Cavity Absorber 
Shell 

53,000 tg 
each 

20 X 29 n panel sec- 
tions 

98 per mod- 
ule 

Op to 
300 81 

Could be transported 
In larger packages 

100 n 

{old In spot posl-^: 
tlon for fastenln^ 

Turbogenerator Set! 

236, ADO kg 
each 

Heavy machinery and 
tanks In 20 X 29 X 5 m 
package 

16 pep nod- 
ule 

Up to 
300 n 

Could be transported 
In smaller units 

25 m 

Hold In position 'to 
fastening m 

SC rr&TCWork Second- 
ary Structures 

'-SOOO kg 
each 

Popout structure de- 
ploys to 225 ffl equilat- 
eral triangle x 10 
meter thick 

752 per 
module 

Cf to 
Instilla 
tlon 
site 
“5600 n 
max at- 
tached 
2700 ID 
FF 

• 

Small t 
near con 
structloi 
rriodule 

Kold for 3 point ^ 
attachment ^ 

■ ■! 

Reflector facets 

•JBS kg each 

Flat hexagon stretched 
between tension struc- 
ture cn 3 sides 

17*000 per 
module 

CF to 
Installa 
tlon 
site 
“5600 m 
attached 
2700 m 
FF 


^ear con 
struettor 
nxjdule 

^robe Insertion liJ 
steering mechanlifl 

VTS 

31 X 10® kg 

Complete antenna (1 km 
dia) with rotary trans- 
former assembly 

2 (1 In LEO 
1 in GEO) 

TOO mile: 

Statlonkeep, capturi! 
by manipulator from 
SC structure 

■ 

lapturo by SPS syss 
ten ecuipnent andJ 
nold for attacbmm 

i 

Spinal Trusses Be- 
Ueen fCSs 

T6D 

10 meter triangular 
beanj 

3 spans 

4000 m 
per span 


-4000 n 

fold for fastening 
Acir ends \ 

-acfllty Kinlpulator 


100 meters long 
TOO meters long 

6/fact11ty 

2/faclllty 



ip to 
ISOmj 
30 a 

) 

lard mounted to 
itructure g preln^ 
stalled beam pads ^ 

lusbar Harness 

63QO kg per 
bundle 

Jire harness top i bot- 
tom of turbogenerator 
band 

2 per mod- 
ule 



15 m - 
at 

1 round 
'Shell 

ipot Fastening to 
hell j 

Radiator Frames 

120 to 930 
hj 

10 n triangular t«ans, 
up to 950 a long 

19 beans 



SOO m 
from Cf 

Hold In spot poil- 
tlon for fastening 

Radiator Segments 

600,000 kg 

each 

Panel IBO x 730 meters 

12 segnonts 



550 m 
CF 

Hold In spot posi-j 
tlon for'faslenin, 

a 


“ft??® JMMi % 


GENERIC pRixesns 







Ai.m*! 

FASTFP^ 

adjust 

nliillOR 

CHECKOUl 

SEHXIS5 

<£NT 
Ml OHS 

aiSTAUCE 

COHSTKAIHTS/ 
SUPPORT REQKTS. 

TASK CESCRtPTION 

TASK DESCRIPTIOH 

TASK DESCRIPTION 

PARAMETER 

PARAMETER 





Feed out conductor from 
concentrators Joined to 
conductor cable 




Cable Installation to 
structure U automated 






Adjust main, prime t 
peripheral cables as 
required to estab- 
lish perpendicular- 
ity of colwins i 
flatness of SECS 

Physical ms- 
urement of 
SECS alignment 
sighting aids 

required 


Cable reels require in- 
dividual tateup con- 
trols: thermal stabil- 
ity required. 







Assembly gen- 
eral surveil- 
lance; EVA 
crcMnan or 
video with 
wide angle & 
IOO«I 


CIW for all automated 
systens; GEO envfron- 
«<nt limitations for 
EVA. 








Activate sys- 
tems t verify 
operations 

■ ACS 

• !&C 

• CHGS 

1 Power 
1 Computers 


10 to 

Spot position— hard 
rtounted to structure 

Align prior to hard 
Nuntlng (optical tncas- 
urenent); stanchions 
ire Jig points for cav- 
ity absorber 

Hecbanical attachment to 
preinstalled pads 

NA 

w 

KA 


•insported 

^ick&ges 

loan 

-lold In spot pasi* 
tion for fastening 

HA 

Titanium sUni Insulation * 
25 cm AL-SU Inner walls - 
eoliPbluel Weld panel edges 
(10.000 m) and helium line: 

Iw) 

NA 

■ 

KA 

HA 

issifne heliun lines 
:rought outside cavity 
^or ease of joining* 

ranspOrUd 

units 

25 b 

Hold in position for 
Fastening 

KA 

Hechanlcal fastening to 
shell panels, connect hel- 
ium lines (8 connections) 




Eeikage potential in- 
ertajj". If package Is 
transported In pieces. 


swn, 
near m 
structlo^ 

midule 

Hold for 3 point 
attachment 

HA 

3 point attachment 






Neir «n 
Umetlo; 
«dijlc 

Probe insertion into 
steering ffiechantsn 


Probe Inserted into steers 
Ing mechanism receptacle 




Large flat surface with 
attach mechanism close 
an one side - visibil- 
ity problem. 

p. capture 
»tor from 
rt 


Capture b/ SPS Sys- 
ten emulpment and 
lold for attaclmcni 

KA: 

remporaty attachment (LEO) 
at 6 pts between HPTS face 
t bottom of SC; permanent 
attachment (CEO) of RTA to 
■dgeofSC 






■1000 a 

bid for fastenlnij 
lean ends 

NA ■: 

Jeams butted and hard 
fastened 

Adjust truss length 
to make SC axes 
parallel 



idjustment nonltorlng 
ilfficult because of. 
ireat distances Involve 


Jp to 
2S0 b; 
iOn 

lard snounCed to 
itmcture g pretn- 
italled bean pads 

HA 

(cchanical attachment to 
irei/istalled pads 






!5 a • 
.11 

.TSUnd 

.Nil 

ipot fastening to 
;he11 

HA 

11 cables, 24 electrical 
lunctlons per bundle, 16 
Kchanical Joints each 






900 Bi 
froo CF 

Hold in spot posl'» 
tiGfj for fastening 

RA 

Frames ends butted and 
welded - 24 connections 




llstrlbute toad over 
Lhin membars; bean may 
)c handled at one end. 


550 0 
CF 

lold in spot posi- 
tion for ‘fastening 

L- 

KA 

doin to frames and between 
se^rnents 
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Table 2. 4.2-1 (Continued) 



. 

EtCHENT CKA8ACTERISTICS 

^ ^ GENERIC PWpg— 

ELEH^NT 

KRSS 

UNIT/TOTAU 


PROCESS 

CVCIES 

IfiMSPiJHT 

HViDiE 

CONFICUSATIOH 

DISTANCE 

ATrACfIKtNT 

CONSIOEfUinONS 

DISTANCE 

cUfisTRAnn^ 
SUPPORT REOM^--- 

Leak Check and Ser- 
vice Unit 

TBO (KaK, 
4.B X 106 
kj for each 
PCS) 

Self-contained, pro- 
vides loak check gas 
and NaK servicing 




■C300 n 
(on CF^ 
frames) 


Solar Concentrator 
(SC) Support Case 
Structure 

800 kj each 
In 12 pcs. 

Preasscmbled structure 
attached to cavity 
Bbsorher shell 

8 pieces 



300 n 

Hold In spot post 
tlonlng for fastk 
Ing 

SC Construction Mod- 
ules 

SS.OOO kg 

IS m die module which 
manufactures 10 n 
beams out both ends 

6 




Capture and pleitp 
In spot positlw 

SC Support Struts 
ind Cross*TriJSSes 

Up to 15C0 
kg 

10 Di triangular beans 
up to 1EOO n long 

m of 
beams In 7 
pcs • per 
module 



Beams 
emplaced 
In vic- 
inity of 
con- 
struc- 
tion 
nodule 

42»5 cn thruout, III 
port structurt.p . 
mcasurorent 
required 

SC Tension Cables 

TBD 

Op to 2775 rMSters long 

24 to 36 
per SPS 
iidilulo 



Attach- 
ment 
within 
970 n 
of nod- 
ule 

Probe Insertion 

SC Reflector Frs"w- 
♦srk 

Z20 kd per 
beatq 

10 jneter triangular 
X 225 m long 

1363 beans 
6 construc- 
tion mod- 
ules 



Constr- 
uction 
module 
moved 
to In- 
stalla- 
tion 
site 

Spot position 

Prtnary Power 6uS 
Trusses 

-<»6 kg ea 

10 rteter triangular X 
150 n long. Caps are 
power conductors with 
lateral elements Insu- 
lators. 

£ per SPS 
PKidule 



In vic- 
inity of 
CP frarre 

Butt bean ends ok 
SC support atnic^ 
at specific locate 

Spinal Truss 

330 kg 

10 loeter triangular X 
340 m long. Caps are 
conductors, lateral 
eleioents are Insula- 
tors. 

Once per 
SPS module 



»^50 m 

Hold to bus truss, 
for fastening 

Orbit Transfer Sys- 
ten 

Tbd 

lon/chfifulcal propulslor 
stages 

3 per 
module 




Docked to SC and It 
by use of onboard 
equipment 

SF5 Ifedulcs 

80 X 10® kg 
total 


3 places 




Capture and hold 
modules together tt 
fastening 

Reflector Control 
Circuitry 



IB.m; 
probable 
reduction 
to #^1500 





8us Bar Connections 



S per SP3 
module , 






FQI^Pl >- 



CENERIC FRQCESSES 






■ 

DERATtOliS 

OISTMICC 

CUnSTKAirUb/ 
SUPPORT REOHTGo 

TASK OESCRIPIIOfI 

f»STEH 

TASK DESCRIPIIOH 

ADJUST 

task DESCRIPTIO.’I 

MUNltOR 

PARAMETER 

checkout 

PARAMETER 

REMARKS 


<301} Bi 
(on CF 
friiKs) 


. 




Verify no leak: 
at 4 POSs (2 
syrtesns In ea) 
EVA Inspection 



3»>i 

Hold (n spot posi- 
tioning for fosterl- 
ing ■ 


Structure Joined to cavity 
shell (12 pcs for rnodule) 

1 







Capture and place 
tn spot position 

Align bean attachment 
wltMn jnodule to assure 
Mdules are equidlstarrt 
2 s7e In Z planeSi 
require rreasuranent 
aids and alignment 
stations on SC struc- 
ture 

Fasten Internal beam being 
nanufactured to support 
base structure 

Hore accurate to 
adjust struts after 
'construction is 
started* to 42,5 on 



Module manipulators 
achieve actual contact 
and placcfliento 


Boajqi 
efflpUccd 
\n vic- 
inity of 
con- 
itruc- 
tlon 
noilulo 

+2.5 cn thruout sup- 
port structure, 
neasureraent aids 
required 

KA 

Butt beam ends-*7 Joints 
per module 

Beam length adjust*+ 
ment required 

' 





Attoeh- 

Mnt 

wltMrr 
970 w 
of iwrf- 
ule 

Probe Insertion 

NA 

Probe Insertion and rotary 
force for tightening Joint 

Adjust cables to 
stiffen structure 





Comtr- 

uctlcn 

Mdule 

Mved 

to 1n- 

tlilli* 

ttOil 

ilte 

Spot position 

W 

1 

TBO. 13S8 beams per SFS 
nodule 






In vtc- 
Inlty of 
CF frs»e 

Butt bean ends onlia 
SC'Support structure 
at specific tocaticn 

Align required* trusses 
relative to PCS aper- 
ture centerline* 
neasurement aids and 
allgrir^ent stations on 
SC structure required 

Butt weld to SC support 
structure base 






•^50« 

Hold to bus trusses 
for fastening 

HA 

rfeld nri wry power bus 
trusses 







Docket to SC and PCS 
by use of onboard 
equtpQMnt 


Hcchanlcel and electrical 
connections to prcInsUl- 
led SPS Interface 







Capture and hold 
MduUs together for 
fastening 

Assure all 4 rodulcs 
are paralleled; adjust 
spinal truss length* 
optical rteasurement 

Mechanical connection of 
nodule edges 


Module align- 
ment ' 







Cicctrlal pTiig ctmncctlcns 
tt: 17,000 ficeti, tlOO 
second+ry structure Joints 
t 30 priMry structtiro 
joints 




All control & power 
distribution Hiring 
Installed 9 nanufact.i 
potential Interference 
In secondery structure 





iltctrical conductors 
lonnected (irechlnlcilly) 
to power truss 
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TabZe 2.4. 2-^1 (Contvnued) 




SPS 

£IEHEKT 

■ " 

EL6HUT CHARACTERISTICS 

' “'1 

GENERIC me 

wss 

UKIT/TOTAL) 

CmtPIOURATION 

PROCESS 

CYCLES 

OISTAHCE 

ATTA(;ii;t£Nr 

CONSIDERATIONS 

oistaiice 

CU.-i^|RA1xi 
SUProRr Rrai 

Electrlea] Conduc* 
tor$ (between Joint 
Bui end Switch 
Geirs) 

8 kgfai 
B D 1000 kg 

s; 9 a ZOO kg 
a 9 7100 kg 
B 0 1800 kg 

6 cm dia (C/C 8 TT); 
B 8 SOD a) 

8 8 400 m 
8 8 300 ei 
8 8 600 01 
BT (11 cm die) 

32 per KPTS 

Sane as 
above 

Transportable on 
reels 

Up to 
600 n; 

CF to 
HPTS 
100-1500 
m 

Hay require ts 
port between • 
points and u£ 

Electricel Conduc- 
tors (between Swltc^ 
Gtirs and Distribu- 
tion Points) 

IS.75 kg/M 
1 9 7875 kg 
4 9 8300 kg 
1 8 1785 kg 
4 9 3150 kg 
1000 9 
1575 kg 

8>5 on d1a$ 

4 B SQOm 
4 9 40D n 
4 9 DOO m 
4 9 200 tn 
1000 9 IDO m 

'^1000 per 
KPTS 

Same as 
above 

Trcnsporlable on 
reels 

IOC to 
500 m 
CF to 
HPTS; 
100-1600 
n 

Hay require tm 
port between * 
points and 

3 

ElKtrlcel Conduc- 
tors 9 Distribution 
points between Sub- 
arrays 

Small 

Small di&meteri 10 m 
len9ths 

'^7000 pep 
HPTS 

Same at 
above 


10 m 
CF to 
HPTS; 
100-1500 
m 

Handler may 
transport be^ 
attach tasks ^ 

Support Beans - 
Countervelsht Cone 

51/64B0 kg 
(nO/14756 
lbs) 

5.5 jn triangular! 150 
n long each 

120 per 
HPTS 

CF to 
HPTS 
"750 n 


ISOm 

between 

attach 

points 

Handler rtquir 
nobility to In' 
structure | 

Counterweight (In- 
cluding CHGs) 

10? kg 

60 k SO X 50 » 

1 

LF to 
HPTS 
13 ml FF 
la ml 
attach 

Transported In 
pUcei 

'*100 n 

Assembled at ^ 

Pointing Computer 

TBD, small 

Rectilinear 

1 

C/Cs LF 
to HPTS 
13 ml fF 
18 ml 
ettached 
TT; CF 
to HPTS, 
1 km 

' '■ 

70 b, 
trans- 
porter t( 
attach 
point 

'-fi 

'■j 

Fsinting System Wir- 
ing {between eempu- 
ter, 7 reference 
tuberriys and drive 
system) 

TBD 

Small diameter! 

3 8 75 B 

2 8 280 B 
Z 8 300 at 

(both C/C and TT) plus 
1 8 625 m for C/C, 

1 8 100 m for TT 

B lines 
per HPTS 

Same as 
above 

Transportable on 
reels 

Between 
attach 
ptt, 7S 
tn 625 9 
between 
subar- 
rays* up 
to SDO n 

Handler may n 
transport b*fi 
attach polnci! 
between 

1 

Drive System and 
Power Transfer Kech- 
enlsn (In rotary 
Joint) 

TOO 

TBD 

1 per HPTS 

(several 

pieces) 

CF to 
Joint • 
1 in 


Between 
ailmuth 
and rle- 
gatlti.. 
Joints 
"ICO a; 

Handler atta^ 
extension segit 
Joint or HPTJW 

1 

Electrical Conduc- 
tors (rotary joint 
buses; 

63 kg/m 
1 9 1575 kg 
4 9 5300 kg 
16 9 15.75 
kg/n - 
381 kg ea 

8 8 17 cm dIa, 
16 8 S.5 cm die 
lengths of 
25 m (16) 

100 n (4) 

25 n (4) 

24 per HPTS 

CF to 
Joint - 

1 m 

Transportable on 
reels 

Between 
attach 
pts, 25 
to 100 m 

Handler itu<* 
extension stM 
joint or HPTfl 

i 

Rotary Transfomer 
Assembly (RTA) 

TBD 

30 m long x 20 n dIa 

1 

CF to 
Joint, 
mlOO m 


Between 
attach 
pts, 20 

Handler attAo 
HPTS. or FF ^ 

(*ower Conversion 
Equipment and Pilter 

TBO 

TOD 

1 (several 
pieces) 

CF to 
Joint, 
-<100 m 


Within 

exten- 

sion 

structun 

from 

trens- 

porter 

<5n 

Handler attadS 
KPTS* OP FF n 

Extension Structure 
Beaus 

C/C! 1600 
kg (36 kg/ 
100 m) 

H! 1413 kg 
(23 kg/100 
b) 

BT! 7i kg 
(}i kg/30 
B) 

Each 4.3 n triangle. 
Lengths! 

C/C: 68 8 65 Bi, 4 8 
35 m 

TT: 30 8 100 n, 4 8 
40 ai. 25 8 130 m 
BT; 4 8 30 ai. 4 8 20 a; 

70 per 
KPTS (C/C) 
60 per 
HPTS (TT) 
10 for 
BT HPTS 

NA (see 
Handle) 


CF beam 
fabrica- 
tor to 
structun 
assy pt: 
C/C; 35 
to 750 n 
H: 40 
to lOOOs 
BT; 30m 

Handler nay n 
transport asS 
tore Is bullffl 
use several h« 

_ J 



CENTRIC PROCESSES 

^ 

— J 

ar 


HA'ItiLE 

ALIG'i 

FASTfU 

ADJUST 


CHECKUUl 

HEKAHKS - 

DE!RA7!Oi4S 

0I5TA!XE 

SUPPORT RrC:iTSo 

TASK CESCRIPTIO!l 

TASK OESCRIPIIOK 

TASK OESCRIPIIOK 

parameter 

parameter 

tabte on 

Up to 
EOOni 
cr to 
Rprs 

im-1500 

0 

Kay require tranj- 
pert between etUch 
points and tasks 

KA 

Quick disconnect with 
autonatlc lauhing, may 
require external torque 
for hard mate, fine dex- 
terity (EVA) 

KA 

Conductor 

attachment 

Electrical 
continuity 
(from Joint 
bus thru 
switch gears 
to d|strlbu-„ 
tion pts) 

Possible Interference 
with secondary struc- 
ture (transport/handt- 
Ing/fastenlng) unless 
one end attached prior 
to transport 

table ee 

ICO to 
EDO n 

crto 

MPIS! 

lOO'lSCO 

It 

Hay require trans- 
port between attach 
points and tashs 

HA 

Same as above. Fastening 
required at 2000 different 
locations 104o 500 m 
apart 

HA 

Conductor 

attachment 

Electrical 
continuity 
(from Joint 
bus to distri- 
bution pts) 

1 km path 

Same as above. 


10 « 

CF to 
KFISt 
100-1500 
n 

Handler may require 
transport between 
attach tasks 

HA 

Attach 5 10 m increments 
over whole back surface of 
HPTS jl bn dta) 

HA 

Conductor 

attachment 

EleCr 1785 
contin.j checks 
(between sub- 
array groups) 

Possible Interference 
with secondary struc- 
ture (transport/handl- 
ing) 


ISO n 
belveen 
attach 
points 

Handler requires 
wblllty to build 
structure 

Align beams Pf struc- 
ture as each section ts 
assembled (20-50 align- 
ments) requires engle 
measurement 

Centroldal Joint with 
probe and drogue; requires 
external torque for hard 
mate (120 beans) 

HA 

Ream handling 
sttachnent 
and alignment 

HA 

Interference with 
structure as It Is 
bulUi multiple hand- 
lers may be required 

rt«d fn 

■■lOO n 

Assembled at site 

KA 

Veld counterweight plecii*, 
OK assembly latched to 
counterweight 

HA 

Counterweight 

assembly/ 

Installation 

HA 



70 n, 
trans- 
porter U 
attach 
point 


KA 

Latched to HPTS substruc: 
ture or Secondary struc- 
ture 

HA 

Installation 
(If done at 
HPTS site) 

HA 

Interference with sec- 
ondary structure, 
counterweight support 
structure, Jnlnt (un- 
less attached to see« 
structure prior to 
support) i 

ruble on 

ietyeen 
attach 
Pti. 75 
to 525 a, 
between 
subar- 
rays, up 
to 500 n 

KandTer may require 
transport between 
attach pointSf and 
between subarrays 

HA 

Quick disconnect concept 
with Automatic latching; 
miiy require cxtemaT tor- 
que far hard aute; may re- 
quire attachment period- 
Icilly along structure for 
support 

HA 

Conductor 

attachment 

Electrical 
continuity 
(between drive 
syaten A ref- 
erence sub- 
arrays) B 
checks 

18 connections requlrec 
over dUtanco of up to 
1 bi; If accomplished 
Separately 


EeUeen 
aztnuth 
and ele- 
vation 
doInU 
-loom 

Handler attached to 
extension Strueturei 
Joint or HPTS 

KA 

)1tchanica11y fasten pieces 
to Joint structure (->10 
steps) 

HA 

Installation 

HA 


rteble on 

Between 
atUch 
Pts. 25 
to icon 

Handler attached to 
extension structure< 
joint or HPTS 

KA 

Quick disconnect concept 
with lutomotle latching, 
may require external tor- 
que for hard mate, may re- 
quire fine dexterity (EVA) 


Installation/ 

connection 

Electrical 
continuity 
(Joint to dis- 
tribution pts) 



Between 
attach 
Pts, 20 
n 

Handler attached to 
HPTS, or FF 

HA 

Hultiple centroldal Joint 
With probe A dregue, re- 
quires external torque for 
hard mate 

(A 

Installation 

HA 



Hlthln 

e*ten- 

stpn 

stroctur 
from 
trans- 
porter 
-25 Bi 

Handler attached to 
HPTS* or FF 

KA 

Latched to extension struc- 
loro, multiple points (•‘lo] 

lA 

Installation/ 

ittattment 

Electrical 
continuity 
(Joint to dis- 
tribution pts) 

Interference of handler 
(Ith extension struc- 
:ure 

■ ■■ 

CF bean 
fabrica- 
tor to 
stnictur 
assy pt: 

c/c; 33 

to 750 b 
FT: to 
to lOCOn 
BTt 30o 

Handler nay require 
transport as struc- 
ture It built, or 
use several handlers 

Align beams of struc- 
ture as each section Is 
assembled - 20 times 
C/C orTTi 3 tines BI- 
measurerent technique 
requtredi align each 
section against exist- 
ing sections i- 2 cm 

Centroldal Joint with probe 
A drogue, requires external 
forqgo fer hard mate 

HA 

illgnment, 
'astenlng 
beans parall- 
i1 or 9 right 
hgles) 

lA 

Conger beacs nay re- 
quire 2-pt handling 


I 11-109 


Table (Continued) 




ELEMENT CHARACTERISTICS 


GEII 

ElEMtm 

MSS 

UNIT/IOTAl) 

CONFIGURATION 

process 

CTCLES 

DISTANCE 

AnACIIH£liT 

CQHS1DERATI07J5 

DISTANCE 


Etcctrleat Conduc- 
tors (between iloint 
and 5ECS) 

6S kg/n, 
CCt 47.2S0 
kg/conduc- 
tor 

ITS 31,500 
Vj/conduc- 
tor 

ETi TBD, 
snail did 

C/C: 17 cm die 

750 el long each 
TTl 12 cm dia 
1 long each 
BTl 3 lines, 5 n 
long cech (At • 
snail dta) 

C/C! 4 
lines per 
HPTS 
TT! a 
lines per 
HPTS 
BT: 3 
lines 

e/C! If 
to 

HPTS - 
13 ml 
FF 

IB ml 
atta- 
ched 
TT: CF 
to 

Jolnt- 
1 km 
BT: CF 
to 

Jolnt- 
■wSO el 

Transportable on 
reelsi cable avoid- 
ance (C/C) * 

Joint to 
SECS - 
C/C-750a 
TT-1 km 

Trinipa 

attacim 

not hu 
Accuri 
> 

3 

i 

J 

Ball Joint 

TED 

Cylinder, 11 n dfanetet 

1 

LF to 
HPTS - 

Cable avoidance 

Trans- 
porter 
to end 
of ex- 
tension 
struc- 
ture: 2&n 
to 75t>n 

Handl* 

tacM 





13 ml FF 
JB n1 
attached 
or to CF 


ter nlR 
stn>e}j 
Accuraj 

FranwS 

140/SilD 

kg 

(308/20,320 

lb) 

4.3 n triangular 
65 n X 130 m with ' 
diagonal cables 

66 per HPTS 

CF to 
HPTS - 
C/C:750» 
TTUOOOn 
BT:'‘10On 


Trans- 
porter 
to HPTS- 
130-500n 
CF to 
HPTS - 
180-1000 
n 

Framn!g 
nay r*j 
port hi 
points] 

RadUl Cables 

Snail 

36 1 ISO n long; 144 f 
175 n long 

180 per 
HPTS 

C/CilF 
to HPTS- 
13 ml FF 
18 ml at 
tiched 
niCF to 
HPTS-lbi 
BTtlfOm 

Transportable on 
reels; structure 
avoidance 

130n CF 
to HPTS 
100 to 
1000 n 

Cables: 
"“y His 
port .fi 
poin^ 

si 

Secondary Structure! 

1200/115201 
kg (2540/ 
253440 1b) 

TVianguUr - 130 n on 
etch side: 7 pi high 
(deployed) 

56 per HPTE 

C/C.‘tF 
to HPTS- 
13 ml FF 
IS ml 
attached 
TTl CF 
to HPTS- 
1 bi 
BT;<100n 

Transported Folded • 
TeOi cable avoidance 
(C/C) 

Trans- 
porter 
to top 
oF Fran- 
cs - 500 
m max 
CF to 
HPTS 100 
to lOOOn 

1 

Subarrays 

200/157000C 
kg (440/ , 
34SS7C0 1b] 

10 N X 10 n X 0,25 n 
each 

78S4 per 
HPTS 

Same as 
above 

Transportable In 
packages - TBD 

Trans- 
porter 
to sec- 
ondary 
struc- 
tures 
500 M 
max 

■K 

Electronics Packages 
Interconnects (Con- 
ductors) 

Snail 

Snail dUmeter JO n 
long each 

^7000 per 
HPTS 

Sane 

above 

y 

To bot- 
tcm of 
stibar- 
roys 10- 
500 ni 
CF to 
MPT5 
100-1000 

Hay rti 
port^ 
poln1| 

RF Ltnes 

TED 

Snail diaincteri 
lengths 10 n to SOO n 

*^700 per 
MPTS 

Same as 
above 

Transportable on 
reels: cable avoid- 
ance (C/C) 

To bot- 
tem of 
subar- 
nys 

lO-SOO Pa 
CF to 
HPTS 

loa-iooo 

n 

Hay r^ 
portJH 
poln^ 

Switch CearS 


2000/32000 
kg (4400/ 
70400 1b) 

Rectilinear 

Ifi per 
MPTS 

C/Cl IF 
to HPTS. 
13 ml FF 
IB ml 
attached 
ni CF 
to hPis, 
1 u 
BT! loom 


Trans- 
porter 
to at- 
tach pts 
70 to 
SOO n 

i 

portn 

poInU 


1 




mitt ^ 




GENUIC FFOCESSES 






TMKSWlur 


HANDiF- 

AUfiN 

FA5TFN 

AOJJST 

luraiuR 

CtiECXUUT 

REHARKS 

MiPiCmm 

COKStOEIU^Tl€l{$ 

DUTAKCE 

CU»Sli<AlHIS/ 
SUPPORT filoHTS. 

■'ASK DE5CRIPTI01I 

TASK 02SCR1PI10H 

TASK DESCRIPTION 

parahher 

PARAKEIER 


TrAHSporUble Qi) 
reeUs cable avofd« 
irvce {C/Cj * 

'■x ' 

Joint to 

stes > 
C/C-75ta 
TT-l bn 

Transported between 
attacK-polnts, If 
not handled 
Acouraey; ■« 2 cm 

KA 

Quick disconnect concept; 
may require external force 
torque mechanism and fine 
dexterity (EVA> 

NA 

Conductor ca- 
ble attachment 
direct or ro- 
moto visual 
contact 

Electrical 
continuity 
(between Joint 
A distribution 
points) - up 
to 1 km long 


Cible ivotdince 

Trans- 
porter 
to end 
of ex- 
tension 
strut- 
ture: 2 Dn 
to 7SDn 

Handler can be at- 
tached to transpor- 
ter or extension 
structure 
Accufa-cyi ^2 cn 

■ 

KA 

Weld; may require jig 

. 

HA 

■ 

Attachment to 
structure-onca 
direct or re- 
■ote visual 
contact 

KA 



Trans- 
porter 
to HPTS- 
isD-saan 
CF to 
hpts - 
loo-sooo 

n 

Frames or handler 
may require trans- 
port to attach 
points 

HA 

Canted centroldal Joint 
with probe & drogue; re- 
quires external torque for 
hard Mte 

Top of fraine must be 
in same plane-adjust 
via radial cables; 

54 outer frames ad- 
justed to '12 fraines 
of 1 st rln? 

■ 

Frame atl -h- 
ment;. fraw 
adjustment; 
Iterative pro- 
cess; top bean 
of frames must 
be parallel & 
In same plane 

HA 

Framq-to-framc attach 
angle Is different In 
each succeeding HPTS 
ring; alignment aids 
required 

Trinsportable on 
reels: struetuire 
■voldince 

non CF 
to KPTS 
no to 

1000 n 

Cables or handler 
nay require trans- 
port to attach 
points 

HA 

Mechanically attached to 
franc at one end| adjust- 
able reel at other end 

Used to adjust frame 
positions 

InstalUttOR 
rnd adjustment 
IRC cables 

NA 


Transported folded « 
T50; cable avoidance 
(c/c) 

Trans- 
porter 
to top 
of fram- 
es - SCO 
n max 
CF to 
HPTS loo 
to IDOOs 

Kay require trans- 
port to attach 
points 

HA 

3-paint attachment of 
bate to top of frame 
structure; 96 times 

HA 

Attachment of 
secondary 
structure to 
KPTS frame 
rings 

HA‘ 


Transportable In 
pacUges * 75D 

Trans- 
porter 
to sec- 
ondary 
stnic- 
tures 
500 n 
MX 

Hay require trans- 
port to attach 
points 

HA 

3-point attachnent to top 
of Secondary structure; 
7654 tlnss 

HA 

Attacfmnt of 
subarrays - 
continuous 

HA 



To bot- 
tom of 
lubar- 
rays 10 - 
SOO Ml 
CF to 
HPTS 

100-1000 

M 

Hay require trans- 
port to attach 
points 

HA 

Hachanically fasten between 
subarrays, autoMtlc latch- 
ln» 

HA 

' 

VutofT 4 tfc or 
i^nuaT attach- 
i*ent 

ilectrlc con- 
tinuity 


Transportable on 
reeUi cable avoids 
ance (c/C) 

To bot- 
tora of 
subar- 
rays 

lO'SOO A 
CF to 
KPTS 
100-1000 
n 

Hay require trans- 
port to attach 
polnts^ 

HA 

.liKS attached at center of 
intanna ^ other ends 90 to 
'00 separite points; attach 
dong structure for support 

, 

HA 

Ittachrient of 
(F lines (7Q0) 

« 



Trans- 
porter 
to at- 
tach pts 
;o to 
500 n 

day require trans- 
port to attach 
points 

HA 

Contact latches to bottom 
of secondary structure 

HA 

Switch gear 
pliccRrtnt 

HA 

Could be attached to ' 
secondary Structure 
prior to transport 



ji'OiijOirr frame I 


Table 3. 4, 8-1 (Continued) 




EUHEHT CHARACTCftlSTIC$ 


CENCjtlC^ 

£LDCKT 

(U)1IT/iOTAL) 

COHFJOVUTIOH 

PROCESS 

CfCLES 

OtSTAKCE 

_iw/]risKJxr 

AUACliMtriT 

CO^SIDIRATKIIJS 

disiahce 

COHSTWII 
SUPPORT m 

Support Am Be»*i 

C/Cl isoo 

tg 

nt «0 kg 
BT: 210 kg 

5-5 n triangular, 
Lengths] 

C/Cl 2 ; too M, 50 9 
65 ai, 4 0 no ei 
TT: sijne IS C/C, 

OT: 4 9 65 m. 4 9 
25 M, 10 9 30 M, 
4,3 ■ triangular 

60 per 
HPTS (C/C 
and TT) 

20 for 61 
KPTS 

HA (see 
Handle) 

NA 

Irans- 
lorter 
to assy- 
it - 2S 
to 200 a 

Handler liU^ 
trins^r(«fj j 
CP eRtens)Mi| 
ture; beMS « 
ler pvy rtgu| 
trinsport j 

J 

Structure Be»« - 
RoUrjr Joint 

23 kg eich 
2300 kg 
tots) 

4,3 a triangular, SO 
to 130 m long 

•'loo 

HA (see 
Handle) 


-100 n 

fiearqs or hiM 
jMy requift^ 
port to iltg 

/ernler Letjtudc 
tctuetort (m] 

HA (see 
Heiurks) 

Part of RIA/power 
conversion equipment 

3 

HA 

See Remarks 

(A 

See Remirkl'^ 

'icUlty Beerni (for 
*15 CFs) 

54 kg/ea 

4.3 m trlansuhr x 
150 n Torg 

15 per 
MPIS CF 

SECS 
CF to 
HPTS 
CF site 
non 

Access thru facil- 
ity framework 

n 

)i0da1 drogm 
fng; Jccuroo 
cn Utenlift 
Ur 1 

Seen luUders (In 
«>IS CFs) 

30,000 kg 
each 

7 ai dta, cyl,- 
21 m long „ 

~9”« dla; cyl,- 
27 M long 

J 

3 per HPTS 

l“erHPTs“ 

(TT) 

1 per HPTS 
(C/C) 

■F to CF 
(C/C); 13 
al FF, 16 
nl attach 

>d 

:f to CF 

300 ai 
•F to CF 
(6T): TED 


■no m 

Place Lea. ^ 
9 proper loe» 
In Ch-hand1ei 
tached to CF’a 
ture 

i 





CUMte rOOCESSES 







ATTAaiHtUr 

NSIOrHATTflJiS 

OtSTAKCE 

tQHSIKAIhlW 
SUPPORT REOHTS, 

TASK DESCRIPTION 

f ASTFII 

TASK DESCRIPTION 

AfkIllHf 

TASK DESCRIPTION 

PARAMETER 

LKtL WUJ 

parameter 



Erins- 
norlep 
(0 ajsy 
Pt - 25 
to 200 V 

lUndleP lEUcKjil to 
transi 2 orter> Jsint 
or ext«PSlon Unit* 
turet bean] or banO 
ler may reoulre 
transport 

12 -cn; align beans of 
structure as each sec- 
tion Is assembled 
r*20 tines (C/C 1 IT) 
P'S tines (BTli 
alignnent measurement 
technique required; 
align each section 
against existing sec- 
tions. 

Centn dal Joint xlth 
probe and drogue, requires 
external torque for hard 
mate 

NA 

Handling, at- 
tachment. al- 
ignment of 
beaias 

HA 

Unger beams may re- 
quire 2-pt handling 


■100 « 

Seans Or handler 
auy require trans- 
port to site 

■fA 

Centroldal Joint v/probe 
and drogue, requires ex- 
ternal torque for hard mat> 

KA 

Kandllhg/ 

Assembly 

KA 


Renarl;} 

1^ 

See Renarks 

« 

Hechankalty nate actuator 
beiNten extension struc- 
ture 1 RTA (night require 
EVA) 

KA 

NA 

In GEO. after 
HPT5 attach- 
ment tn SC 
Modules 

Actuators Arc handled/ 
transporbd ftS pert 
RTA find power conver- 
sion eq'Jtpnent steps 

s$ thru fAcll* 
framework 

■150 n 

Nodal drogue fltt* 
Ingi accuracy; 1 
cm lateral 1 fi'anqu- 
lar 

w 

Centroldal Joint v/orobe 
and drogue; external tor- 
que required for hard 
mate 

Adjust beans to 
align facility 
(00 angles) 

Allgnnent-30 
angles; Jigs 
or optical de- 
vice required 
(EVA Instal- 
led) 

NA 

Only vork base may be • 
preceedlng beam, not 
structurally stable 


■150 n 

Place bean builders 
0 proper location 
In CFi. handler at- 
tached to CF struc- 
ture 

\k 

Hethanically fasten to 
CF structure - 3 to 6 
beats builders to bo at- 
tached 

NA 

KA 

HA 

Stockpiling of beams 
nay be necessary 


III-lll 


Tahte S.4.2-1 (Continued) 


ifS 


tlENEHT CIIARACIERISTICS 

OENERtC PROC 

MSS 

UNIT/TOIAL) 


PROCESS 

CVCIES 

iHMiEflKI 

HAfifitr 

EtUJEKT 

CONFIGURATION 

DISTANCE 

AUACHHlhl 

CO^SIDERATIOMS 

DISTANCE 

cohaiumri 
SUPPORT RE0H1 

ConttnicMon Equip- 
Mtit (C/C Optipn A) 

TBD 

Handling for Installin' 
SECS equliment 

As require' 

600 n 
fra* CF 
to cJn- 
ter of 
SECS 

supports 

Transport Inside 
too n column desir- 
able because of 
cables outside truss 

Up to 
EDO B 

Assume trans per 
lyttemflnstalle 
columns are but 

Solir Cell P*ckag«s 
(C/C Dptign A) 

1000 to 

50,000 kg- 

pep package 
28,7 X loS 
kg per SECS 
side 

10 X 10 n X thickness 
of 0*1 to 6 meters 

At requirid 

Up to 
6D00 n 


alOOn 

10 packages per 
trough^ 300 pac 
ages/qaadrant 

Concentrator RolU 
tC/C Option A) 

4000 to 
50,000 kg 

per roll 

loo meters long x up 
to n diameter 

120 rolls 
per SECS 
side 

Up to 
6000 m 


<100 13 


Secondary Tape Reels 
(C/C Option a) 

10 kg each 

Small psels 

£44 reels 
total 

Up to 

12,000 m 

Could be packaged 
with several reels 

•<100 n 

Installed along 
sides of column 
hold for spot • 

AutgMtcd Cogitnic- 
tlon Equipment 
(IT Option A) 

ISO 

TDD 

''OS places 

Up to 
2600 n 
from LF 


<100 B 

TOO 

teng-booffl SC Con- 
struction Equipment 
(BT Option A) 

8000 kg 

Long truss structure 
with attached mobile 
manipulators 

Installed 

cnce 

TBD 


TBD 


Prime Cables 
{C/C Option A) 

Small 

Ends of small cables 
moved In preparation 
for attachment to 
solar cells 

33 cable 

ends/quad^ 

rant 



<50 n 

Hold for Utichi 
carry coded cab 
along as work m 
ceeds along coii 

Secondery T»pt At- 
ttclmnls to Periph- 
eral Cables (C/C 
Option A] 

22 Newton 
pull force 
at each 
tape 

Pull on tapes deploys 
solar Cell and concen- 
trator packages 




up to 
14,000 m 

Oeploynent depi 
liens premarkM 
located 

PcMer Olstrtbutfon 
Connectors to Per- 
ipheral Cables (C/C 
Option A) 


Concentrator conduc- 
tive material joined 
in connector for 
Joining w/perlpheral 
cable 

60 connec- 
tors each 
quadrant 





Solar Cell Roll 
Mouo(s (C/C Option 
B) 

200 kg ea 
24,000 kg 
total 

Mounts to hold SC roll 

00 pairs 

LF to CF 


f^ZS n 



per quad- 
rant 

TTEifTF 

30 km 
attached 
CF to 
sue 
6 ^ 



i 

j 

i 

Solar Celt Rolls 
(C/C Option 0) 

48,000 kg 
max 

Cylindrical rolls 

^180 per 
quadrant 

Satne as 
above 


"25 a 

] 

Secondary Structures 
Of>TS Option A] 

1200 kg 
each 

Triangular 130 n on 
each side x 7 n high 
(deployed) 



S6 per MPTS 

C/C! LF 
to HPTS- 
21 km 
FF, 00 
km at- 
tached; 
TT! CF 
to MPTS, 
1 kit 
BTi-eiOO 
w 

Transported folded - 
T8D 

Trans- 
porter 
to site 
<500 n 

Handling task i 
over t ^ dU i 

na i 


GENERIC PROCESSES 


— 

,PORT 

hahule 

AUfi'i 

FASTEN 

ADJUST 

MONUOft 

CHECKOUT 

remarks 

UFACKHEHT 

iSIDtRATIONS 

DISTANCE 

CONSTRAINS/ 
SUPPORT REQMTS. 

TASk DESCRIPTIOH 

TASR CESCRIPIIOH 

TASK DESCRIPTIOH 

pataheter 

PAR/dlEIER 


port instde 
I colurnn desir- 
because of 
s outside truss 

Up to 
SOD n 

Assume transport 
system^lnstalled as 
columns are built 








‘loom 

ID paebapes per SECS 
troupb; 000 pack- 
ages/qoadrant 


Solar cells on flexible 
substrate, in panel form; 
attached to colunn adapter 
frane. it trough battom* 
Rings at each panel are 
hooked on secondary tapes 
(1800 rings/quadrant] 




Difficult to automate 
fastening; GEO environ- 
ment constraints on EVA 
crewman 


<100 n 



Flexible AL tnaterlal; roll 
attached to cdlunn fit- 
tings; automatically at>< 
tached to solar cell mater 
iai; periodic edge rings 
attached to secondary tape 
(900 rlngfquadrant) 




Difficult to automate 
fastening; GEO environ- 
f«nt constraints on EVA 
cre^n 

d b« packaged 
several reels 

<100 n 

Installed along both 
sides or columns ■ 
bold for spot attach 


Reel base plate meclianlc- 
ally Joined to Column 
structure 






<100 B 

TBD 








TSO 









■■son 

Hold for attachnenti 
carry coded cables 
along as work pro- 
ceeds along coluir*ns 


Cable ends attached to 
SECS rings, 264 total con- 
nections; MX of 10 con- 
nections 9 one operitipa 






Up to 
U»QOO R 

Deployment dependent 
items preir.arked and 
located 


i)oln secondary tapes to 
peripheral cables to main- 
tain SErS tension (213 
each-quidrant) 

SECS connector Joined to 
peripheral cable pig-tall 
connector 




Difficult to automate 
fastening; GEO environ- 
ment; no support struc- 
ture, FF applicable. 


*<25 in 



Fasten paounts to coltann 
structure 






'<25 n 



Insert in a«unts; splice 1r 
to zippered connection 





nsported folded • 

Trsos- 
porter 
to site 
<500 n 

Handling task occurs 
over 1 kn dia anten- 
na 

KA 

ri«^r«r1Ty fisten second- 
iry itructures to etch 
)thtr (3 iltich points per 
tide, 432 total ittech- 
MOts} 

Remove temporary 
attachments after 
radial cables are 
installed 
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Tdbte 3. 4.2-1 (Continued) 


•i 


in 


ELEMENT CHARACTERISTICS 



GEnUI: 

ELEHEKT 

HASS 

UHIT/TOWL) 

CONFIGURATION 

PROCESS 

CYCLES 

DISTANCE 

ATTACHMENT 

CQIiStOERATIQhS 

OICTANCE 

CONli 

SUPPOHli 

KAjfNED 

UNSCilEDOLED 

SERVICE 


- 



* 


! 

1 

Resupply BeM 
Builder^ 

TED 

Stock luterla! on 
rolls 

As requtrec 

C/C! LF 
to CF 
13 ml Ff 
le ml 
ettached 
TT: LF 
to Slti 
2500 m 
BTl LF 
to site 
2700 n 
FF, 56M 
m attach 
ed 


<!2 ra 

Rolls 1ml 
materiel i 
aids In kii 
eeptaclt,! 

‘1 

Insert 1n| 

SP5 COMinoilfty Mod- 
ules ACS 

links] 

TBD 

Compact package «i3 

In volune 

As required 

C/C: 13 
ml FF 
IS al at 
tached 
TT: up 
to 17 km 
BT: 2700 
B FF, 
5600 m 
attached 

Keed to be hard at- 
tached to structure 
to make module ex- 
change 

TBD 

tiodule Int 

Iperatlonj 

Fastening Device 
Resupply 

TBS 

KaterUI used In fast- 
ening device {e.g.i 
Weld mterUl i glue} 

As required 

C/C: LF 
to CF 
13 ml FF 
18 ml at- 
tached 
CF to 
site 
t200 m 
TT:-C4 kn 
BTi 2,7 
kra FF, 
5.6 kn 
attached 


iZ JQ 

remotely • 
crewnan 'i 

' } 

S 

1 

I 

feplict/fictharge 
B*ttery Systems 

TM 

TBD 

As requlrcf 



a2 m 


Service Equipment 
Propulsion Tanks 

tbd 

TBD 

As regulrtt 



<2m 

1 

Hold for 4 
control 1« 
or by IVA’ 

SCKSOOLEO 

MINTENAKCE 







1 

tubrlcatlon 

Small 

Lubricate construction 
etiulpmcnt 

As Sched- 
uled 

C/C: 200 
m 

TT: A be 
BT: S.6 
km 

Environmental In- 
pacts/Induccd ef- 
fects 

At point 
of app- 
lication 

Spot posit 
or autoMtf 

! 

Remivc Reflector 
fecet leyer 

''30 kg 

EVA crcHian or remote 
controlled COTS 

57000 fa- 
cets for 
30 year 
life 

DT only 
2.7 In 

too per day ff all 
replaced In 2-year 
period 

TBO 

Renove tof 
facet mats 
(grab smt 
tab) 

He/N«K System 
Rechirge 

Service 
cart - T60 

Cart vHli large supply 
tank 

As schcd* 
tiled 

BT onlyi 
up to 
9 bn FF 


<25 tn 
hookup 
dfst. 
<300 n 
from LF 
to CF 
frame 

a ^ 

Enviroraee 

C0RIIHGEHCIE5 





■■ 



Traubleshootlng 

135-225 kg 
(EVA)i 
other TBD 

EVA crcwnan With In- 
struments; remote con- 
trolled viewing device 

As required 

C/C: up 
to IS bn 
TTt up 
to 26 bn 
BT: up 
to 10 kn 


<5 « 

Instrment 
requires d 
yTewing d. 
or remote ; 

Personnel Rescue 

-200 kg - 
single per- 
son 

Single or multfperson 
vehicle 

As required 

In vicin 
Ity of 
facility 


Hear or 

within 

facility 

' 


4 





CthERtC PROCESSES 








AUACfiHllr 

COfiSIOERAT/CHS 

USIAKCE 

corisiHAifirs/ 
SUPPORT REO«TS. 

TASK DESCBIPTIOH 

fASTFn 

TASK PESCRIPTiaN 

ADJUST 

task description 

pARAHnES 

PARAKE7ER 












i 


it m 

lolls Installed und 
iraterlal fed outt 
aids In builder re- 
ceptac1e« iVA crew- 
man required 

NA 

Latch roll in receptacle 
and feed material strip in 
Machine slot 

NA 

NA 

tA 


J 

1 

) 

Keed to be hard at- 
tached to structure 
to rnate radule ex- 
change 

r&P 

insert In guides for 
moduie Insertion 

NA 

Standard ittacNnent mech- 
anism designed for use 
with remote controlled 
equIpnent-Mdule attach 
fittings 

HA 

NA 

NA 




<2 n 

)peratton controlled 
reiTCtety or by IVA 
erewnan 

KA 

Insert canister Into de^ 
vice and cycle operation 

NA 

NA 

NA 

Smalt devices reloaded 
IVAi EVA required to 
service large equtp- 
meht 



iZ n 

Dock equipnenC to 
facility Mtntenancj 
area 

NA 

■ 

Battery lead-junction 
open/e)ose ' 

NA 

Automatic 
shutdown capa- 
bility i esw- 
crewwn in 
vicinity 

Verify Service 
ability A 
charge (cr<W- 
niji or compu- 
ter) 

Operation controlled 
remotely or by IVA 
crcMnan 



il n 

Hold for dockinoi 
controlled rc^iotely 
or by IVA crevnan 

NA 

Connect propellant fill 
and drain lines 

NA 

Kech&nfcal 
and/or elect- 
rical; redun- 
dancy required 
leak surveil- 
lance 


Remote control of flow 
(sUrt/stop); In ex- 
plosion-safe area 











K) 

3R 

thvfronacRtal fs-* 
pacts/fndvced ef- 
fects 

At point 
of app- 
lication 

Spot position - EVA 
or automated 

NA 

Attach dispenser to fit* 
ting 

HA 

HA 

HA 

Assume EVA operation or 
eliminate by automatic 
lubrication 


l(^j per day If all 
riplaced In 2-year 
;y:rlotf 

TBO 

RtMve top 1«yer of 
facet nalertal 
(grab sinall Hp 
tab) 

NA 

HA 

HA 

iA 

HA 

Disposal stowage^ po- 
tentially hot envfron- 
nent, E0T5 must stand 
iff 

j 


<25 m 
hookup 
dUt- 
<300 n 
from LF 
to CF 
frame 

Environment 

NA 

Connectors TBDt service 
lines to SPS system 

NA 

techanical or 
electrical - 
leak surveil- 
lance 


issumo requires EVA 
Tcwian to operate 
iqulpment • few occur- 
ences 

jn 

CD 


<5 m 

Instrwientation - 

requires dexterity; 
vle»rlng device - EVA 
or remote 

NA :■ 

Connect instrumentation to 
p5 test points 

HA 

'hysieal obser 
'atlon 

Automated c/o 
:o mininizc 
tanned involve 
lent 

Requires caution and 
dexterity - potential 
• hazards In power cir* 
cults 

n 

y 


Hear or 

i^ithln 

facility 


NA 

NA 

HA 

NA 

NA: 



1 
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Table 3.4. 2-1 (Concluded) 


CLEHENT CIMRACTERISTICS 


GEflERtC PR0CE5S&S 























3.5 SPS Construction Equipment Support Requirements 
3. S. I CateQoy?ies of SPS Etments 

Tlie analyses of SPS elements by generic process showed that the majority 
of elements could be categorized into one of six major groups (I-VI) due to 
commonality in the tasks required by the particular elements. The remainder 
of the elements were classified separately (VA, VIA, VIB and VII), because 
they are highly concept dependent, or require distinct or unique assembly/ 
construction tasks. Table 3. 5.1~1 gives the definitions of the categories 
and Table 3. 5. 1-2 lists the major categories of elements for each of the 
SPS concepts. As Table 3. 5. 1-2 shows, each of the SPS concepts include 
elements in the six major categories. Although the specific elements in 
each category differ based upon the SPS concept, the general characteristics 
of the elements in each category are similar across the concepts. 

Tdbte 3. 5. 1-1 SPS Element Category Sef-inttions 

MAJOR GROUPS 

I. Triangular Beams - 2.45 to 20 meters on a side, lengths 50 meters 

to 41<m, from 10 to 100 beams per element. 

II. Facilities/Large Modules - large, self-contianed units, infrequent 

operations, not part of SPS itself. 

ni. Cables - structural only, long spans, small diameter, 10 to 
200 cables per element. 

IV. Electrical Conductors - diameters 1 to 20 centimeters, lengths 

10 meters to 16 km, 6 to 1000 per element. 

V. Preassembled Structures - large, varying shapes, 5 to 5000 per 

element, mechanical interface only. 

VI. Preassembled Packages - varying shapes/masses, 1 to 8000 per 

element, multiple interfaces. 

CONFIGURATION/CONSTRUCTION UNIQUE ITEMS 

VA. Cavity Absorber Shell - ref Boeing Thermal SPS scenario, 
paragraph 2, 1.1.1. 

VIA. Joint/Power Transfer Mechanism - ref Column/Cable SPS scenario, 

paragraph 4.2.2 and Truss Type SPS scenario, paragraph 2.2; 
Turbogenerator Sets - ref Boeing Thermal SPS scenario, 
paragraph 2. 1.1.3. 

VIB. Reflector Facets - ref Boeing Thermal SPS scenario, paragraph 

2 . 1 . 2 . 6 . 

VII. MPTS Subarrays - ref Column/Cable SPS scenario, paragraph 4.2,4 

(or applicable paragraph in other scenarios). 



Table 3.5. 1~2 CategoTytes of SPS Elements by Conaept 


COLUMN/CABLE 

TRUSS TYPE 

BOEING THERMAL 

I. 

Triangular Beams 

I. 

Triangular Beams 

I. 

Triangular Beams 

II* 

Facilities/Large 

II. 

Facilities/Large 

II. 

Facilities/Large 


Modules 


Modules 


Modules 

III. 

Cabl es 

Ill* 

Cabl es 

III. 

Cables 

IV. 

Electrical Conduc- 

IV. 

Electrical Conductors 

IV, 

Electrical Conductors 


tors 

V. 

Preassembled 

V. 

Preassanbled 

V. 

Preassembled 


Structures 


Structures 


Structures 

VI. 

Preassembled Packages 

VA. 

Cavity Absorber Shell 

VI. 

Preassembled 

VIA, 

Rotary Joint Drive 

VI. 

Preassembled Packages 


Packages 


System/Power Transfer 

VIA. 

Turbogenerator Sets 

VIA. 

Ball Jolnt/Pov/er 


Mechanism 

VIB. 

Reflector Facets 


Transfer Meehan' in 

VII. 

MPTS Subarrays 

VII. 

MPTS Subarrays 

VII . 

MPTS Subarrays 






The commonality considerations made evident hy such categorization are 
both quantitative (based on element size, mass, frequency of occurrence, etc) 
and functional (involve the same generic processes). 

3. S. 8 Identifioation of Construction Eguivment and Supyort Requirements 

The generic processes matrix (see Table 3.4. 2-1) and the SPS element groups 
were utilized to identify the construction functions to be performed upon each 
group for each SPS concept* Prom these generic functions potential construc- 
tion equipment was defined, and the anticipated performance capabilities 
(where available) of that equipment were established. It should be noted 
that although over a dozen major pieces of construction equipment have been 
identified, performance characteristics or detailed concepts exist only for 
a few of those items, Table 3.5. 2-1 lists the construction equipment required, 
and figures 3.5. 2-1, 3.5. 2-2 and 3. 5. 2-3 show three items for which some 
detail does exist. 


Support requirements were developed for each type of construction equip- 
ment identified. Tables 3. 5. 2-2, 3. 5. 2-3 and 3. 5, 2-4 present for each SPS 
a list of the element groups, their corresponding construction function, the 
potential equipment which would accomplish the functions, and the support 
requirements of that construction equipment* Although many of the 250 line 
items generated were common to all three SPS concepts, separate lists were 
maintained as inputs to Part II of the study. 
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Table S. S. 2-2 Construction Equipment List 


MAJOR SYSTEM EQUIPMENT 


t Construction Facilities 


• Beam Fabricator 


6 Beam Handler 


• Beam Fastener 


• Cable Reel Dispenser 


• Cable Routing Mechanism 


• Electrical Conductor Installer 

LOGISTICS 


• Specialized Transporters (free-flying and structure attached) 

• Orbital Transfer Vehicles 


SPECIALIZED INSTALLERS 


• SPS Package Installer (solar 

cell material, reflector material ) 

• Subarray Installer 


• Generator Set Installer 


• Thermal Collector Installer 

Boeing Thermal SPS only 

• Facet Installer 


• Switch Gear/Pointing Computer Installer 

• Power Bus Installer 


• Ball Joint Installer 
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CHARACTERISTICS: 



Rockwell Concept 


(For 20-meter beams) 

s 25-meter diameter x 40-raeters long 

6 Fabricates triangular beams 0 15 
meters/hour 

• Typical number required - 

57 for truss type SPS construction 
facility 

• Beam material - 

metal or composite 

SUPPORT REQUIREMENTS: 

• Initial placement/attachment/ alignment 

• Material resupply via docking port 

• Checkout/monitoring 

• Operational maintenance 


Figupe S.S.S~1 Typioat Comtruotion Equipment - Beam Fahriaator 
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CHARACTERISTICS: 



Boeing Concept 


• Gantry B places reflector packages (20- 
laeters v/ide x 650-meters of material) 
on structure. 

• Gantry A stretches material and seals 
edges. 

e 90 minutes allov;ed to deploy each 
20-meter x 650-meter strip (33 strips 
per side). 

• 2 hours allov/ed to seal edges. 

« 16 gantries required (4 troughs, 

2 gantries each on both sides of 
trough). 

» Gantry structure - 20-meters wide x 
650-meters long. 

SUPPORT REQUIREMENTS : 

• Initial gantry placement. 

• Reflector package resupply. 

• Checkout/monitoring. 

• Operational maintenance. 


Figiire 3. S. 2-2 Typiaat Construoiyion Equipment - Reflector InstaVLer - Truss Type BPS 
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CHARACTERISTICS; 



• Fabricates module bus and main bus on 
both sides of troughs (6.2 meters/hour 
allowed). 

6 Installs switch gear at end of each 
bay. 

d Hakes electrical connections. 

& Manned operation, manipulator control. 

s 8 installers required. 

SUPPORT REQUIREMENTS ; 

% Initial placement 

• Material resupply 

® .Checkout/monitoring 

n Operational maintenance 


Boeing Concept 


Hgux>s 3. 5. S-3 Typical Comtruction Equipment - Bus/Smitoh Gear Installer 


\Td>'le 3, 5. 2-2 Colvsm/Cabto SPS Etmento and Support Bequirementa 


SPS 

ELEHHNTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTtOH 
EQUIPMENT 

SUPPORT REQUIREMENTS 

I. triangular 

f transport beams to construction 

Beam and Beam Assembly Transporter 

Habile Beam Transporter (on 
Structure 

» Assemble on orbit or launch 
from ground 

• Transport to structure 

• Placement on rails or cables 

• Communications link 

» Electrical power recharge 

• Operational checkout 

• Maintenance and repair 

Fixed Base Manipulators 

• Assemble on oFbit or launch 
from ground 

• Transport to construction site 

• Alignment for mounting 

• Fasten to construction facil- 
ity 

• Service and repair 

Small Highly Dexterous Manipula- 
tor 

» Launched from ground 
1 Transport to construction site 
1 Interface with fixed base 
manipulator 
► Storage port on CF 

• Maintenance and repair 

buAMs 

- Factllty Beam: 

- Column Ilub 
Beams 

“ Column Beams 
*• HPTS Extensfor 
Structure and 
Counterweight 
Cone 

facilities and sites 

• NAndLE beams to assemble columns 
build Structure 

« ALIGN beams as sections are 
assembled 

• FASTEN beams toenther - ornhe 
and drogue fitting requiring ex- 
ternal torque 

• AOJUST beam lengths (only when 
building CFs) 

• MONITOR adjustment or alinnment 
of beams 

• Receive beams 

• Beam holddowns 

• Beim release 

Beam Handler 

• Beam translation 

t Position for alignment 

• Adjust after fastened 

Beam Fastener 

• hasten beams 
t Adjust beams 

. 

(I. facilities; 
large modules 

“ Preass embled 
CFs 

- Beam Builders 

• TRANSPORT modules to facilities 
(if not transported with facili- 
ties) 

t HANDLE facilities for dockino. 
modules for positioning 

• ALIGN as required 

• fasten equipment to existing 
structure 

• ADJUST beam end fittinos (facili- 
ties only) 

f MONITOR dockino 

learn Builders 

1 fabricate ilO meter) triangular 
beams 

1 Material forming 
) Material curing 
\ Fastening cross-members 
1 Beam alignment 
1 Manned or unmanned 

’reassembled cF Sections 
( Section Joining Interfaces 
1 Self-aligning aids 
1 Erectable structure 

iount Beam Builders onto Con- 
struction Jig 

« Transport to construction site 
» Docking or EE grip interface 
1 Position alignment, for mount- 
ing 

1 Fasten to construction facility 

> Checkout operations 

1 Raw material handling 
1 Resupply consumables 
1 Maintenance 

sdnnect Sections Together 
• Transfer section to connection 
point 

i End effector interface 

> Connection alignment 

III. CABLES 

- Peripheral ( 8 ) 

- Main ( 32 ) 

- Prime (L 44 ) 

- HPTS Radial 
(ISO) 

• TRANSPORT cable reels to con- 
struetion facility/site 

• HANDLE cables - deolov from fac- 
tllty or string between structure 

i FASTEN reels and cable ends to 
existing structure 

• ADJUST cables - release/rctnnslon 

■ 

Gable Reel Transoorters 
1 Dock to reel stowage facility 
• Receive reels from stowage 
1 Reel holddowns 
1 Transport between stowage and 
use points 

1 Dock to SPS work site 
1 Release reels 

lable Reel Dispenser Mechanism 
» Receive full reels/remove spent 
reels 

) Cable feed 

1 Cable connect to other cable 
> Provide cable tension require- 
ments 

1 Cable cutter , 

1 Cable fasten to structure 

Gable fioutinq Mechanism 
1 Grip and hole cable end 
1 Cable translate capability 
1 Cable alignment 
t Cable fasten to structure 

Compatible Docking Parts 

• Pick up point 

• Disposition point 

-oad Transporter 

Transfer reels from Transporter 

to Cable Dispenser 

Installation of Cable Dispenser 

at Use Point 

• Release holddown fastener 
Transfer to new use location 

• Position for fastening 
Check alignment 
Fasten to structure 

• System checkout 
Maintenance - failure isolation 

contingency mode 
failure repair 

Seme as above, plus 

• Collision avoidance with exist- 
ing cables 

Viewing and lighting to find 
and grip cable end 
Transfer along cable routing 
Coordinate tension requirements 
at fasten points 
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Table 3.S.8-2 (Continiiod) 


SPS 

ElEHEHTS 

— 

CONSTRUCTIOH 

FUNCTION 

POTENTIAL CONSTRUCTION 
EQUIPMENT 

SUPPORT REQUIREHENTS 

i IV. ELECTRICAL 
tUNUUefaHS 

- Dotween SECS 
and HPTS 
Joint (4) 

- From HPTS 
Joint to 
Switch Gears 
fl6) 

- Over Joint 
Quses 

- From Switch 
Gears to Dis- 
tribution 
Points on HPTS 
MOOO) 

- Between Sub- 
arrays (-7000) 

- Peripheral 
Cables (-240) 

• TBAHSPOHT conductors (possibly 
on reels) to attach locations 

• HANDLE conductors between and 0 
attacTi locations (ovcri on or 
thru structure) 

» FASTEfI conductors 0 ends (connpc- 
tor requiring external torque) 
and along structure 

« CHECKOUT electrical CDntimiir.tf 

Electrical Conductor Reel Trans- 
porter 

• Dock to reel stowage facility 
f Receive reels from stowage 

• Reel holddowns 

» Transport between stowage and 
use points 

• Dock to SPS work site 

• Release reels 

Electrical Conductor Installer 
■ Keceive full reels/remove spent 
reels 

• Conductor feed control 
» Conductor routing 

• Fasten conductor to structure 

• Conductor cutter 

• Conductor connector 

Transport Conductor Reels to 
Point of Use 

» Compatible docking ports 
t Load reals onto transporter 
» Transfer reels to conductor 
Installer 

» Collision avoidance capabil- 
ity 

Routing Conductors on Structure 
1 Reel handling mechanism 
t Hebtlity capability on struc- 
ture surface (or internal] 

( Electrical recharge 
B Stowage port for non-use times 

• Consumable parts resupply 
t Maintenance and repair 

• Connector torques 

/. PREASSEH9LED 
STHUCTl[SeS~ 

- HPTS Secondary 
Structure 

- HPTS Frames 

• transport to HPTS assorbTy site 
lover existing substructure) 

a HANDLE structure for assembly 

• ^STEN to substructure (3 point 
attach) or to -ach other (cen- 
troidal Joint with probe and 
drogue requiring external torque) 

• adjust (frames only) using cable 
tension and frame positioning 

Assoobled Structures Transoorter 
(Pbl 

• Grip structure (on CQ) 

• Maneuver structure 

• Transport structure to SPS assem- 
bly site 

• Release structure to handling 
equipment 

Structure Attached Transoorter 
» fhjvo on rails or cables 

• Handling structures 

» Aligning structures (gross) 

Transport HPTS Structure to 
Assembly Site 

* Compatible handling Interface 
1 Docking port 

• Services, power, propellants, 
etc 

• Collision avoidance SPS 
structure 

« Maintenance and repair 

Transport SPS Elements on SPS 
Structure 

* Transport platform 

B Existing structure with rails 
or cables 

» Coimiunications link 
B Power source (cutlets) 

B Fabricate unit 

* Transport unit to SPS site 
B Position on rails or other 
t Operational checkout 

t SPS elements resupply 
t Maintenance and repair 

• Relocate on structure 

VI. PREASSEHBLED 
PSckSgeT^ ' 

- Solar Concen- 
trators 

- Solar Cells 

- Switch Gears 

- Pointing 
Computer 

• TwnspoRT packages to attach 
site (over existing structure, or 
thru structure) 

t HANDLE cackaues 0 attach loca- 
tions (discrete positions) 

• PASTEN packages to existing 
structure 

• /^l-TGN packages to ,'tructuro 

SPS Paefcaqe Transporter 

• uocK to package stowage facility 
e Receive packages from stowage 

• Secure package holddowns 

» Transport between stowage or fab- 
rication facility and CC site 

• Release packages 

SkS Paokatjo Installer (SPl) 

UT Solar Colls and solar Concen- 
tratons 

(2) Switch Gears and Pointing Com- 
puter 

• Receive packaged elements 

• Align for layout 

» Fasten end to peripheral cable 

• Layout packages 
» Check alignment 

• Fasten to structure 

t Perfona subplcment perfomanoc 
check 

Transport packages to work site 
B Compatible docking port 
t Package loading device 
• Transfer packages to railed 
transporter or installer 

Assumes packages are deployed 
from main beam as unit is built 
B Potential Internal location 
of structure 

B Mount many SPI units on wafii 
beam 

B Communications link 
1 Align and place on cables 
B Operational checkout 
B Resupply packages to SPI 
1 Maintenance and repair 
4 Relocate on new SPS structure 

— 
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Td)le 3.S.2-<2 iConoluded) 


SPS 

ELEMENTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTION 
EQUIPMENT 

SUPPORT REQUIREMENTS 

VIA. ROTARY JOINT 

• TRANSPORT equlKuent to YOtarv 
joint location (over or thru 
existing extension structure) 

t I^NDLE eauliwent Into position 
'In structure 

• FASTEN nieces to and ulthin 
structure 

Transport to Assembly Site 
* Transporter (FF or attached) 

« Special manipulator for equip- 
ment handllng/fastenlng (may 
require manned assistance) 

Transport from Launch Vehicle 
to Construction Site 
f Transport vehicle (FF or 
attached) 

t Manipulator setup maintenance 
• Manned vehicle with manipulators 
(If required) 

}, POUER 
TRANSFER 

Mechanism 

VII. SUBARRAYS 

THpts] 

t TRANSPORT subarravs to HPTS 
surface (over structure) 

■ HANDLE subarrays at attach loca- 
tTonV '(7854) 

• FASTEN subarrays to secondary 
structures (3 point » mechanical) 

HPTS Subarrays Installer 

• Transporter (FF and attaehed-to- 
structure) 

• Multiple mobile manipulators for 
handling/fastening (manned assis- 
tance may be required) 

Transport from Fabrication Facil- 
ity to HPTS Surface 
a Transport vehicles - FF and 
attached 

a Rall/track system setup, main- 
tenance and repair 
• Docking facilities 
a Manned vehicle ulth manipulators 
(If required) 
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Table 3. 5. 2-3 Trtise Type SPS Elements and Support Requirements 


SPS 

ELEI1ENTS 

COIiSTRUCTIOH 

FUNCTION 

POTENTIAL CONSTRUCTION 
EqUIPHENT 

SUPPORT REQUIREMENTS 

I, TfitAUGULflfl 

• beams to assemble struc- 

ture 

t ALIGN beams os sections are ass- 
craBTed. 

i FASTEN beams together - probe and 
drogue requiring external torque 
(multiple Joints @ one operation) 
c ADJUST beam end fittinos to alien 
diagonal beam plane 

Beam and Beam Assembly Transporter 

Mobile Beam Transporter (on 
Structure) 

• Assemble on orbit or launch 
from ground 

• Transport to structure 

• Placement on rails or cables 

• Comunications link 

• Electrical power recharge 

• Operational checkout 

■ Maintenance and repair 

Fixed Base Manipulators 
» Assemble on-orbit or launch 
from ground 

• Transport to construction site 
« Alignment for mounting 

• Fasten to construction fattl- 
ity 

0 Service and repair 

Small Highly Dexterous Manipula- 
tor 

• Launched from ground 

• Transport to construction site 
t Interface with fixed base 

manipulator 
t Storage port on CF 
» Maintenance and repair 

BliAHs 

- SECS Support 
Trusses 
(1200) 

- MPTS Exten- 
sion Struc- 
ture 

• Receive beams 

• Beam holddowns 

• Beam release 

Beam Handler 
t Beam translation 
a Position for alignment 

• Adjust after fastened 

Beam Fastener 

• hasten beams 
» Adjust beams 

II, FACILITIES 
Large hodules 

■ TRANSPORT to facilities (if not 
transported with facilities) 

1 HANDLE to orient in proper posi- 
tions 

• ALIGN builders in CFs (if re* 
quired) 

• FASTEN to structure 

Beam Bull ders 

• yabricateTlO meter) triangular 
beams 

» Material forming 
■ Material curing 

• Fastening cross-members 
B Beam alignment 

• Manned or unmanned 

^reassembled CF Sections 

Mount Beam Builders onto Con- 
struction Jig 

0 Transport to construction site 

• Docking or EE grip interface 

• Position alignment for mount- 
ing 

• Fasten to construction facility 

• Checkout operations 

a Raw material handling 
a Resupply consumables 
a Maintenance 

Connect Sections Together 

• Transfer section to connection 
point 

a End effector interface 

• Connection alignment 

- Beam Builders 

- Preassemoled 
CFs 

• section joining interfaces 
a Self-aligning aids 

• Erectable structure 

III, CABLES 

• TRANSPORT cables (probably on 

Cable Reel Transnorters 

Transport Cable Reels to MPTS 
Use Points 

a Ccmpatible docking ports 
a Load reels onto transporter 
a Transfer reels to cable dis- 
penser 

Installation of Cable Dispenser 
at Use Point 

• Release holddown fastener 
e Transfer to new-use location 
a Position for fastening 
a Check alignment 
a Fasten to structure > 
a System checkout 
a Maintenance 

Cable Installation 
a Cable stringer 

- MPTS Radial 
Cables 

reels) to MPTS substructure con- 
struction site (over existing 
structure) 

• HANDLE cables between and 0 
attach points 
■ FASTEN cables 0 ends 
I SoJUsT cables to position frames 
(substructure) 

■ 

. 

» Dock to reel stowage facility 

• Receive reels from stowage 
t Reel holddowns 

• Transport between stowage and use 
points 

t Oock to SPS work site 
» Release reels 

Cable Reel Dispenser Mechanism 
nieceive full reels/removo spent 
reels 

• Cable feed 

■ Cable connection to other cables 

• Provide cable tension 
» Cable cutter 

■ Cable fastened to structure 
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Table 3. 5.2-3 (Concluded) 


SPS 

ELEMENTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTION 
EQUIPKENT 

SUPPORT REQUIREMENTS 

IV. ELECTRICAL 

• TRANSPORT conductors (possibly 

Electrical Conductor Reel Trans- 

Transport Conductor Reels to 
Point of Use 

a Compatible docking parts 
a Load reels onto transporter 
a Transfer reels to conductor 
installer 

Routing Conductors on Structure 
a Reel handling mechanism 
a Mobility capability on Structure 
surface (or Internal) 
a Electrical recharge 
a Stowage port for non-use times 
a Consumable parts resupply 
a Maintenance and repair 

conouCtCNS 

- Between SECS 
and HPTS Joint 
(A) 

- From HPTS 
joint to 
switch gears 
(16) 

- Over joint 
buses 

- From switch 
gears to dis- 
tribution 
points on MPTI 
(-1000) 

- Between sub- 
arrays (- 7000 ) 

on reels) to attach locations 

• HANDLE conductors between and 0 
attach locations (over> on or 
thru structure) 

• FASTEN conductors e ends (con- 
nector requiring external tor- 
que) and along structure 

« CHECKOUT electrical continuity 

porter 

V bock to reel stowage facility 
a Receive reels from stowage 

• Reel holddowns 

• Transport between stowage and 
use points 

1 Dock to SPS work site 

• Release reels 

Electrical Conductor Installer 

a Receive full reels/remove spent 
reels 

a Conductor feed control 
a Conductor routing 
a Fasten conductor to, structure 
a Conductor cutter 
a Conductor connector 

/. PREASSEHBLED 

• TRANSPORT to HPTS assembly site 

Assembled Structures Transporter 

Transport HPTS Structure to 
Assembly Site 

a Compatible handling Interface 
a Docking port 

a Services, power, propellants, 

6tlC 

a Collision avoidance SPS 
structure 

a Maintenance and repair 

Transport SPS Elements on SPS 
Structure 

a Transport platform 
a Existing structure with rails 
or cables 

a Coamuii! rations link 
a Power source (outlets) 
a Fabricate unit 
a Transport unit t(f SPS site 
a Position on rails or other 
a Operational checkout 
a SPS elements resupply 
a Maintenance and repair 
a Relocate on structure 

STRUCTURES 

- HPTS Secondary 
Structure 

- HPTS Frames 

(over exlsf.ng substructure) 

• HANDLE structure for assembly 

• FASTEN to substructure (3 point 
attach)) or to each other (cen- 
troldal joint With probe and 
drogue requiring external torque) 

TFFT 

a Grip Structure (on CG) 
a Maneuver structure 
a Transport structure to SPS assem- 
bly site 

a Release structure to handling 
equipment 

Structure Attached Transporter 

a Move on rails or cables 
a Handling structures 
a Aligning structures (gross) 

VI. PREASSEHBLED 

• TRANSPORT oacKaoes to attach site 

SPS Packaqes Installers (SPI) 

Assumes a Mobile Truss Configura- 
tion 

a Fabricate on-orbit or launch 
from ground 

a Transport from fabrication 
facility to SPS contraction 
site 

a Existing structure with rails 
or cables 

a Ccnnunlcatlons link 
a Align and place on rails 
a Operational checkout 
a Resup'rly packages 
a Maintenance and repair 
a Relocate on structure 

PACMfS 

- Solar Concen- 
trators 

- Solar Cells 

- Switch d?ars 

- Pointini Com- 
puter 

(over existing structure, or thru 
structure) 

• HANDLE nacKanes 0 attach loca- 
tions (discrete positions) 

• FASTEN oackaoes to exlstlnu 
structure 

• align packages to structure 

(solar cells, solar concentrators, 
switch gears, pointing computer) 
a Receive packaged elements 
a Align for layout 
a Prepare surface for mounting 
a Layout packages 
a Check alignment 
a Fasten to structure 
a Hake connection to next unit 
a Perform subelemant performance 
check 

VIA. ROTARY JOINT 

» TRANSPORT eouloment to rotary 

Transoort to Assembly Site 

Transport from Launch Vehicle 
to Construction Site 
a Transport vehicle (FF or 
attached) 

a Manipulator setup maintenance 
a Manned vehicle with manipulators 
(if required) 

BBiVE svsteH 

Joint location (»"er or thru 
existing extcnsli ■ structure) 

• handle equipment Into position 
TiTstructure 

t FASTEN pieces to and within 
structure 

a Transporter (FF or attached) 
a Special manipulator for equip- 
ment handling/ fastening (may 
require manned assistance) 

FPoweT 

Traiisfer 

ilEDIANlSH 

Vll. SUBARRAYS 
tllPTsy^ 

« TRANSPORT subarrays to HPTS 
surface (over structure) 

■ HANDLE subarrays at attach loca- 
tions (785A) 

• FASTEN subarrays to secondary 
structures (3 point, mechanical) 

HPTS Subarrays Installer 
a Transporter (FF and attached-to- 
structure) 

a Multiple mobile manipulators for 
handllng/fastenlng (manned assts 
tance may be required) 

Transport from Fabrication Facil- 
ity to HPTS Surface 
a Transport vehicles - FF and 
attached 

' a Rail/track system setup, main- 
tenance and repair 
a Docking facilities < 

a Manned vehicle with manipulators 
(If required) 
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Tabte 3,5. 8-4 Boeing The^emai BPS Etements and Support HequiTemenbs 


SPS 

ELEMENTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTION 
EQUIPMENT 

SUPPORT REQUIREMENTS 

l, TR^HGUIAR 

* Spfnal Trus- 
ses 

- Radiator 
Frames 

- SC Reflector 
Framework 

- SC Support 
Strut and 
Cross Trus- 
ses 

- Extension 
Structure 
(HPTS) 

•. HANDLE beams to assemble struc- 
turc (or TRANSPORT for long - 
Akm trusses) “ 

• ALIGN trusses (PCS power bus 
only) relative to PCS 

• FASTEN beams together (butt 
wold all except HPTS extension 
structure - probe and drogue 
with external torque) 

• ADJUST truss lengths or beam 
end fittings as required 

Beam and Beam Assembly Transpo'rter 

Mobile Beam Transporter (on 
Structure 

a Assemble on orbit or launch 
from ground 

a Transport to structure 
t Placement on rails or cables 
a Coimiunfcations link 
• Electrical power recharge 
a Operational checkout 
a Maintenance and repair 

Fixed Base Manipulators 
a Assemble on orbit or launch 
from ground 

a Transport to construction site 

0 Alignment for mounting 

a Fasten to construction facil- 
ity 

a Service and repair 

Small Highly Dexterous Manipula- 
tor which Travels on Long Beam 

1 Launched from ground 

a Transport to construction site 
a Interface with fixed base 
manipulator 
a Storage port on CF 
a Maintenance and repair 

a Recei ve beams 

• Beam holddowns 
t Beam release 

Beam Handler^ 

• Beam translation 

t Position for alignment 
t Adjust after fastened 

Beam Fastener 

• Fasten beams 

• Adjust beams 

H. FACILITIES/ 

Urge mod- ' 

HI — 

- Facility 
HanipuTators 

- Orbit Trans- 
fer System 
(LEO to GEO} 

- Construction 
Facilities 

- Beam Builders 

- SPS Modules 

• TRANSPORT beam builders to CFs 
(if not transported with CFs) 

1 HANDLE modules/facilities for 
capture/do eking 

t ALIGN modules/CFs in 2 planes; 
beam builders in CFs (if re- 
quired) 

• FASTEN modules/internal beams 
to existing structure 

• ADJUST struts as required 

• Hon 1 TOR cngagcment/aligninent of 
CFs, modules 

. 

Orbital Transfer Vehicle 
a Vehlcleudocking 
a Stabilffbtlon and maneuvering 
a On orbit propelUnt resupply 

Beam Builders 

'a' FabVicate'flO meter) triangular 
beams 

a Material forming 
a Material curing 
a Fastening cross-members 
a Beam alignment 
a Manned or unmanned 

Preassembled CF Sections 
a Section joining Interfaces 
a Self-aligning aids 
a Ercetable structure 

Free Flying LEO to GEO Transport 
« Compatible decking ports 
a Number and location of ports 
a Communications link with both 
LEO and ground 

Mount Beam Builders onto Con- 
struction Jig 

1 Transport to construction site 
a Docking or EE grip Interface 
a Position alignment for mount- 
ing 

a Fasten to construction facility 
a Checkout operations 
a Raw material handling 
0 Resupply consumables 
a Maintenance 

Connect Sections to Structure 
Start Points 

a Transfer section to connection 
point 

a End effector Interface 
a Connection alignment 
a Aid In deployment of erectablc 
structures 

HI, CABLES 

• TRANSPORT (radial cables only) 
XproBably on reels ) to HPTS con- 
struction site 

( HANDLE cables between and O 
attach points 

« FASTEN cable ends - probe and 
drogue with external torque 

■ ADJUST cables to position SC 
struffure or HPTS frames 

Cable Reel Transporters 

Transport Cable Reels to HPTS 
Use Points 

a Compatible docking ports 
a Load reels onto transporter 
a Transfer reels to cable dis- 
penser 

In5\allat1on of Cable Dispenser 
at Use Point 

a Release holddown fastener 
a Transfer to new-uso location 
a Position for fastening 
• Chock alignment 
a Fasten to structure 
a System checkout . 
a Maintenance 

Cable Installation 
a Cable stringer 

- SC Tension 
Cables (->200] 

- HPTS Radial 
Cables (-180] 

a Dock to reel stowage facility 
e Receive reels from stowage 
a Reel holddowns 

a Transport between stowage and use 
points 

a Dock to SPS work site 
a Release reels 

Cable Reel Dispenser Mechanism 
a Receive ful 1 reols/rcmove spent 
reels 

a Cable feed 

a Cable- connection to other cables 
a Provide cable tension 
a Cable cutter 

a Cable fastened to structure 



Table 3. 5.2-4 (Continued) 


SPS 

ELEMENTS 

CONSTRUCTION 

FUNCTION 

POTENTIAL CONSTRUCTION 
EqUIPHENT 

WPPORT REQUIREMENTS 

IV. ELECTRIMl 

a TRANSPORT conductors (possihiy 

Electrical Conductor Reel Trans- 

Transport Conductor Reels to 
Point of Use 

• Compatible docking ports 

• Load reels onto transporter 

• Transfer reels to conductor 
installer. 

Routing Conductors on Structure 
i Reel handling mechanism 

• Hohility capability on structure 
surface (or Internal) 

• Electrical recharge 

• Stowage port for non-use times 

• Consumable parts resupply 

• Maintenance and repair 

on reels} to attach locations 
(over, on or thru existing 
structure) 

• HANDLE conductors between and 0 
attach points 

• FASTEN 0 ends - connector or 00 
requiring external torque or 
simultaneous automatic latching 
0 both ends (7000) 

• CHECKOUT electrical continuity 

porter 

. Between SCs 
and HPTS 
Joints (4) 

- From Power 
Conversion 
Equipment to 
Switch Gears 
(16) 

- Over Joint 
Buses 

- From Switch 
Gears to Dis- 
tribution 
Points on 
HPTS (1000) 

- Between Sub- 
arrays 

- Reflector Con- 
trol Circuit- 
ry (1500) 

- Bus Bar Con- 
nections 

- Bus Bar Har- 
ness 

• Dock' to reel stowage facility 

• Receive reels from stowage 
« Reel holddowns 

• Transport between Stowage and 
use points 

• Dock to SPS work site 

• Release reels 

Electrical Conductor Installer 

• Receive full reels/remove spent 
reels 

• Conductor feed control 

• Conductor routing 

• Fasten conductor to structure 

• Conductor cutter 

• Conductor connector 

V. PREASSEHBLEO 

• TRANSPORT structures to instal- 

Assembled Structures TransnOrter 

Transport Assembled Structures to 
Remote Assembly Sites 

• Compatible handling interface 

• Docking ports 

• Services, power, propellants, 
stc 

• Collision avoidance SPS struc- 
ture 

• Maintenance and repair 

Transport SPS Elements on SPS 
Structure 

• Transport platform 

• Existing structure with rails 
or cables 

• CoiiTOunications link 

• Power source (outlets) 

• Fabricate unit 

• Transport unit lo SPS site 

• Postion on rails or other 

• Operational checkout 

• SPS elements resupply 

• Maintenance and repair 

• Relocate on structure 

STRUCTURES 

- SC Framework 
Secondary 
Structure 

- Radiator Seg- 
ments 

- SC Support 
Base Structure 

- HPTS Secondary 

' Structures 

: - HPTS Frames 

lation site (over or around) 

* HANDLE structures/seoments for 
assembly 

• FASTEN together and to existing 
structure (multiple point at- 
tach -latch or weld) 

(Fg) 

inSrip structure (on CG) 

• Maneuver structure 

• Transport structure to SPS assem- 
bly site ■ 

• Release structure to handling 
equipment 

• For gross alignment, use as 
handling equipment 

Structure Attached TransnoPter 

• Hove on rails or cables 

• Handling structures 

• Aligning structures (gross) 

CAVITV 

?IBSiMER SHELL 

• TRANSPORT panel sections 

Thermal Collector Installers 

Transport and Install Sections onto 
Cavity Shell 

• long reach manipulators 

• Docking facilities 

t Manned vehicle (FF) to assist 
fastening 

• Fluid servicing capability 
(liquid metal) 

• Maintenance and repair 

• HANDLE sections for assembly 
attachment 

• FASTEN panel edges and helium 
Tines 

• Large transporter (fF) 

• Hainpulators for handling 

• Fastening automatic and manned 
assisted 

- 400 20 X 29 m 
Sections 

VI. PnEASSH"3LED 
P'jrcKAS'ss 

- PCS stanchions 

- Switch Gears 
(16) 

- Pointing Com- 
puter 

t transport packages to installa- 

PSP Installers 

Assumed Vehicle Capable of Travel 
On/Thru Existing Structure and 
also Free Flying 

• Fabrication on orbit or launch 
front ground 

• Transport from fabrication facil- 
ity to SPS construction site 

• Existing structure with rails 

or cables and also docking ports 

• Communications link 

• Align and place on rails 
» Operational checkout 

• Resupply packages 

« Maintenance and repair 

• Relocate on structure 

tion location 

» HANDLE packages for attachment 
to 'structure 

• FASTEN packages to structure 
Tme'chanical latches on c-einstal- 
led pads) 

• Transporter capable of FF or 
transfer on or thru existing 
structure 

• Mobile manipulators capable of 
handling packages in confined 
volume 

• Fastening automatic 

• Alignment and checkout 
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TdbZe Z. 5, 2-4 (Conotuded) 


SPS 

ElEHENTS 


CONSTRUCTION 

FUNCTION 


POTENTIAL CONSTRUCTION 
EQUIPHENT 


SUPPORT REQUIREHEHTS 


VI.A. 


TURBO - 
gemerStor 

SETS 

- 20 X 29 X Sm 
64 


TRANSPORT packages te cavity ab> 
sorter shell 

HANDLE packages for attacliment 
to shell 

FASTEN to shell panels {laechan- 
1 cal) "and connect helium lines 


Generator Set Transporter 

• Recelvd generator sets 

• Holddown mechanisms 
I Release capability 

• Collision avoidance 

Generator Set Installer 
•Translate generator sets to 
assembly site 

• Allgnnant to structure 

• Make mechanical , electrical, 
and fluid connections 

• Charge systems 

• Checkout operation 


Transport to Cavity Material 
Supply Depot 

t Compatible docking port 

• Receive from primary transport 
vehicle 

• Transfer to on-site manipulators 

Long, Mobile Base Manipulator 

• Construct on orbit 
e Mount on track 

• Alignment technique for auto- 
matic control 

• Checkout 

• Resupply consumables 

• Maintenance (leak check) 


VI.B. 


REFLECTOR 

facets— • 

- 68,000 Facets! 
~30 X 30 
meters 


• TRANSPORT facets to SC structure 
lover or around existing struc- 
ture) 

• HAND LE facets 0 attach sites 

• !^AStW facets to SC structure - 
probe Inserted Into steering 
mechanism receptacle (accessIblT 
Ity/visibillty problems) 


Facet transporter 


Receive facets from on orbit 
facility or from a primary 
transport vehicle 

• Transport facets to SPS work 
site 

• Interface with structure for 
purpose of supply depot 

Facet Installer 

'• Rocolvo packaged elements 

• Align for layout 

• Prepare surface for mounting 

« Layout packages 

• Check alignment 

• Fasten pointing device 

I Perform subeleraent performance 
check 


Transport Facets to the Solar 
Concentrator Frame 

• Compatible docking ports. 

• Load reels onto transporter 

• Transfer reels to facet Instal- 
ler or stowage 


Number of Facets Indicates an 

Automated Operation such as a 

Traveling Truss 

• Fabricate On orbit or launch 
from ground 

• Transport from fabrication 
facility to SPS construction 
site 

• Existing structure with rails 
or cables 

s Conmuntcatlons link 

• Align and place on rails 

• Operational checkout 

• Resupply packages 

• Maintenance and repair 

• Relocate on structure 


VI. c. 


ROTARY 
nWiSFORHERl 
ASSEHULY 
(RTA)/P0NER | 


CONVERSION 

EQUIPMENT 


TRANSPORT to attach location 
t HANDLE equipment at attach 
Vocation 

• FASTEN (mechanically) equipment 
to and within existing structure 


Same as VI.A. 


IVII. SUBARRAYS 
- HPTS 


• TRANSPORT subarrays to HPTS sur- 
face (over structure) 

t HANDLE subarrays at attach loca- 
tTons (7854) 

• fasten subarrays to secondary 
structures (3-po1nt mechanical) 


HPTS Subarravs Installer 
TTn“general same for alf conflas.) 
• Transporter (FF and attached) 

■ Mobile manipulators working on 
existing structure 
e Fastening automatic; may require 
manned assist 


Transport and Install at MPTS Work 
Site 

• Transport vehicle (FF & attached) 

• Rail/track system setup, mainten- 
ance 

• Manipulator setup, maintenance 

• Manned vehicle (FF or attached) to 
assist fastening 
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4.0 OCSE CONCEPT DEFINITION 


4.1 Part II Objectives ■ 

Having identified in Part I the support requirements for each SPS con- 
figuration, the objective of Part II was to generate OCSE concepts which 
are technically feasible and programmatically viable. This was accomplished 
by defining potential OCSE to fulfill the specific requirements for each SPS, 
considering commonality aspects within and across configurations, and per- 
forming a high level screening of the OCSE candidates to identify the more 
significant items. Figure 4,1-1 shows the approach utilized in Part II, 
and the following paragraphs describe the individual tasks in more detail. 



CONCEPTS RECOMMENDED 
FOR FURTHER STUDY 
PART in 


Figure d. l-t Part II Funotionat Flm 

4.2 OCSE Concept Development 
4,2,1 Qenevat 

The purpose of this task was to identify and develop OCSE concepts with 
present or future application to construction of large earth orbiting systems. 
Tile approach used depended on a three step sequence: (1) prepare an inventory 

of potential OCSE candidates; (2) assess the use of these OCSE requirements; 
and (3) conceive new or improved OCSE to fill voids indicated by OCSE require- 
ments. 
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An OCSE category tree was generated to ensure that an orderly approach 
was used in evaluating the applicability of different candidate concepts. 

This structured grouping, as shown in Figure 4. 2. 1-1, provided a quick visual 
reference of candiate similarities by system characteristics such as operational 
utility, functional capability, and hardware utilization. The primary advant- 
ages of this approach are that it provides the capability to represent similar 
types of hardware by one or more units, provides a single thread traceability 
from their original source through to final disposition, along with supporting 
rationale, and provides a road map by which new concepts identified in later 
study efforts could be grouped, analyzed, and evaluated on a comparable basis. 

The initial data collected resulted from a search for typical support 
equipment items in 1) the listings of flight-qualified hardware from pre- 
vious space programs; 2) system definitions developed for STS supporting 
research and technology programs related to Shuttle/Orbiter, Space Station, 

Solar Power Satellites, etc; and 3) commercial equipment used on ground 
based construction projects \d.th potential applications to space construc- 
tion operations. 

Since many of the OCSE requirements were not satisfied by either modified 
or existing equipment, nev; OCSE Xi7as defined. Conceptual definitions were 
developed for new and modified equipment x^hich included configurations, inter- 
faces, performance, operations requirements, and impacts on interfacing 
elements. 

Appendix A contains details of the OCSE concepts generated in the fom 
of summary sheets. An OCSE requirements definition is also provided for 
each of the sub categories listed in Figure 4. 2. 1-1. Each concept summary 
sheet in the Appendix is correlated X7ith the groups and categories shown in 
the table. 

4.2.2 Identifiaation of OCSE bij SPS Conficmpation 

The primary task in Part II \ms the identification and classification 
of OCSE (in functional terms) which satisfy the support requirements defined 
in Part I. Tables 4. 2,2-1, 4. 2. 2-2 and 4, 2. 2-3 present that data for each 
of the SPS configurations. Tiie support requirements are listed for each 
SPS element group (defined in paragraph 3.5.1), and the corresponding potential 
OCSE is identified. The major design drivers for each piece of OCSE are also 
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IV- 3 


FREE-FLYING I 
TRANSPORTERS 

STRUCTURE 

ATTACHED 

TRANSPORTERS 

HANDLERS 

ALIGNERS 

'Personnel 

-Personnel 

•Manipulators 

-Align for Joining 

and Materials 

and Materials 

> 5 DOF (arm-like) 





-Flatness 

•Materials 

-Materials 

^General Purpose 

- 

Transporter 

Transporter 

<4 DOF Mechanisms 

^Depth and Range 

'Personnel 

-Personnel 



Transporter 

Transporter 



6 

7 

8 

9 


ADJUSTMENT i 
DEVICES I 

-Beam: 

Positioners 

'Inherent with 
Structure 

■Cable 

Tensioners 


Categories: 


CHECKOUT 

-Input 

Simulators 

-Data Feedback 
Sensors 


MONITOR 

DEVICES 

-Indirect Viewing 
-Direct Viewing 
-Instruments 


A - Flight Existing C - Commercial (One "G") 

B - Flight Proposed D - New Concept 

See Appendix A 


OCSE SUPPORTl 
EQUIPMENT I 

I ' ' 

-Docking Devices 

-Commodity Servicer 

-Modularized 

Systems 

-Storage Panels 


MATERIAL 

FASTENERS 

Manipulator 

Controlled 

EVA Controlled 

Inherent with 
Structure 


BASE 

MODULES 

-CHAD Module 

-Maintenance 
and Repair 

-Commodities 

Storage 

Module 

'Assembly Jigs 
'EVA Module 


F'jHPii .4, 5^ 1-1 OCSE Tnvsnt--.pu Tt’ 4 a 
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Table 4.2.S-1 0C3E for Colmn/Cahle SPS 


«^S ! 

"p i SUPPflllT (irquiRFHENTS 


t. 'Mobile Beam Transporter (on 
I Structure) 

! • Assembte on orbit or launch 
from ground 

0 Transport to Structure 

• Placement on rails or cab- 
les 

1 Communications link 

* Electrical power recharge 

• Operational checkout 

* Maintenance and repair 

Fixed Base Manipulators 
^ » Assemble on orbit or launch 
5 from ground 
” I* Transport to construction 
S i site 

d 1» Alignment for mounting 

S I* Fasten to construction fac- 
^ ility 

W Service and repair 


POTENTIAL OCSE 


MAJOR DESIGN DRIVfns 


OCSF COMMON USAGE 
CLASSIFICATION 


I Launch from Ground 

Rcouiros FF Transporter 
Facdity Manipulator 

Communications Strap-on Mod- 
ule 

Elec Pickup Points on Struc- 
ture 

Checkout Module 

Dedicated Maintenance Vehicle 

Or EVA/ECHS 

Launch in Sectiotis Assemble 
On-orbit 

Requires FF Transporter 

i 

Docking Davico/Manipulative 
and Alignment Technique 
Fastener Doivce 

Dedicated Maintenance Vehicle 
sr EVA/ECMS 


Size ccmaptible with HLIV RF Trnsptr, Large 


Transport distance 40 km max 
Availability of facility man- 
ipulators 

Communications distance 

Batteries vs recharge points 

Operation functions 
Crew productivity major fac- 
tor 


FF Trnsptr, Medium 
Manipulator Fixed Base, 
Medium 

Construction site or 

from ground 

Elec. Pwr Resupply Sys 


Trnsptr Cat. F, Manip- 
ulator Cat. VI 


Small Highly Dexterous Manip- 
ulator 

» Launch from ground 

• Transport to construction 
site 

• Interface with fixed base 
manipulator 

> Storage port on CF 
I Maintenance and repair 


II. iMaunt Beam Builders onto Con- 
^ Istructlon Jig 
y I* Transport to construction 
g I site 

^ It Pocking or EE grip inter- 
( face 

g it Position alignment for moun- 

3 I 

it Fasten to construction fac- 
E3 ility 

p t Checkout operations 
” k Raw material handling 


Manipulator length of 1000 m FF Trnsptr, small 

Transport distance 40 km max FF Trnsptr, Medium 

Place for Joining vehicles Std Hanip. Mount. Inter 

face 

Compatible with man and math- EVA Handhold Fastener 
ine 

Crew productivity major fac- Trnsptr, Cat. F, Hanip- 
tor ulator Cat. VI 


Size Permits Ground Launch 
FF or Mobile Transporter 

Attach to End of Larger Hanip. 
ulators 

Storage Port or Panel Device 
Dedicated Maintenance Vehicle 
ar EVA/ECHS 


Size compatible with Shuttle FP Trnsptr, Small 

Availability and ppint of 

transfer 

Common EE replacement tech- Std Manip. Mount. Inter 
Pique face 

letension and service requirec Universal Tool Stow Pan 
Crew productivity major fac- Manned Module, Cat. A A 
tor/return to ground for re- D or Return to Malnt. 
pair Facility 



ompatibVc Docking Ports 

t Pickup point 
Disposition point 

oad Transporter 


Docking Receptacles 
Logistics Facility on CC 

Small Facility Manipulator 


pTV, OST, tug compatible 
flequiros a min. of eight 

Manipulator 10 m long, gross 


Universal Dock Dev, Lrg 
Fixed Base Hanip, Short 


Transfer reels from Transpor- 
ter to Cable Dispenser 

Installation of Cable Dispen- 
ser at Use Point 
I Release holddnwn fastener 
» Transfer to new use loca- 
tion 

» Position for fastenlnn 

> Check aligament 

> Fasten to structure 
* System checkout 

I Maintenance - failure isola- 
tion, contingency mode, 
failure repair 

Same as above, plus 
» Collision avoidance with 
existing cables 
9 Viewing and lighting to 
find and grip cable end 
» Transfer along cable rout- 
ing 

•Coordinate tension require- 
ments at fasten points 


Attached: Transporter Runs 
along Main Beams 

ianipulator on Attached Trans- 
porter 

All rcfiiaining functions pro- 
vided by built-in features 
an the Cable Dispenser and 
manipulator on the attached 
transporter 


Dedicated Maintenance Vehicle 
ar- EVA/ECHS 


Transport distance 8 to 15 km Mobile Base Hanip, Short 


ianipulator IQ-20 m long, 
cm accuracy 

Access to release mechanism 


Irew productivity and replace 
lent module availability 


Mobile Base Hanip.Short 

Manual Release Override 
Mechanism 

EVA EHU/ECHS 
Direct Viewing 
EVA Handhold Fastener 
Cable Tension Checker 
Struct. Att. Trnsptr, 
Cat. A (Spider) 


(Guidance and Navigation 

'Artificial Lighting and Remote 
Viewing System 

Cable Supported Type Transpor- 
ter 


Accuracy , distance 


Illumination , natural 
access, etc 

patilo availability and span 
distance of 710 m radius on 
SECS surface 


anco Modular GN4C System 

, natural, FF TV A Lighting Sys 


Struct Att Trnsptr Cat. 
A (f.ahie/Siilderi 
Remote Cant rot System 
with Cable Installers 


IV-4 








! 


Table 4. 2,2-1 (Continued) 


SUPPOriT RfQUtREHENTS 


POTEtiTIfll CCSE 


Transport Conductor Redo to Uao Cotiicon Packago Trans- 
Point of Use porter 

• Conpatibje docking ports Universal Dockingdlcchanism 

• Load reels onto transporter Logistics Paciltty Manipula- 

tor 

• Transfer reels to conductor OR Manipulator on Transporter 
installer 

• Collision avoidance capablT Guidance System 

Routing Conductors on Struc- 
ture 

• Reel handling taechantstn 
■ Mobility capability on 

Structure surface (or in- 
ternal) 

a Electrical recharge 

• Stowage poht for nonuse 
times 

Consumable parts resupply 
Maintenance and repair 
Connector torques 


Automated CE Function 
Cable Transporter (ri mncd) 


Selected Recharge Points 
Stow on Tension Cables 

Mobile Trans, on Main Beams 
Manned System EVA/ECHS 
Special EVA Hand Tool 


[Transport HPTS Structure to 
Assembly Site 

f face^*^'"'^ handling Inter- Strap-on Maneuvering Unit 


b Docking port 

■ Services, power, propell- 
ants, etc 

ji Collision avoidance SPS 
I structure 

■ Maintenance and repair 


Universal Docking Mechanism 
FF Services Modulo 

Remote Control by Crew 

Dedicated Maintenance Vehicle 
ar EVA/ECWS 


Transport SPS ETraents on SPS 
Structure 

a Transport platfom Attached Transporter 


• Existing structure with 
rails or cables 

• Codieunicatanns link 

i Power source (outlets) 

• Transport unit to 5PS siLe 

• Position on rails or othar 
» Oporatinnal checkout 

i SPS eleients resupply 

• Maintenance and repair 
a RcMcato on structure 



Rails or Cables on Main Reams 

Strap-on Communication Sys 
Selected Power Recharge Point: 
FF Transport Vehicle 
lanipulator at Facility 
Use Existing Operating Mode 
Transporter Loading Hanip. 
Maintenance by EVA/ECHS 
Requires Largo Manipulator 


ransportcr (FF or attached) 
to carry packages from LF to 
work site 

Dexterous manipulator to 
handle packages— remove from 
transporter, reach thru struc- 
ture and place package at 
working location 
'ystem to move manipolator to 
ther discrete locations 


trap-on Communications Sys 
ixed Case Fac. Manip. 


F Transport Vehicles 


I? to Construction Site 
“ » Transport veliiclc (FF or Single or Multiple Transp 

i" attached) tors 

• Manipulator setup aiaintcn- Existing or Mobile Hanip. 
§: ance 


lators (If required) 


WJOn DESIGN DfUVERS j 

■ ■ 1 

OCSE COMMOM USAGE 
CLASSIFICATIOH 

|Log1stles and distance 14 km 

FF Trnsptr, Small 

Transporter size 
20 n mobile manipulator 

Unlv Dock Device, Small 
Fixed Base Hanip, Small 

Weess to conductor reel 
irecciver 

Light system or rail pattern j 

! 

Fixed Dasc Manip, Small 
TV S Lighting System 

i 

size and distance reel trans. 
|Sp1der concept (OSC) 

Cable Att Trnsptr, Cat. 
A 

i 

Battery weight vs distance 
ilax. cable span of 2030 m 

Elect. Fwr Supply Sys 
General QCSE Stowage 

iTransfcr from beam to EVC 
Spider concept (JSC) 
Torque requirements 

Struct Att Trnsptr CatL 
Cable Att Cat. A 
EVA fland Tool Group 

■fountlng locations and tech- 
ilques 

Transporter Size 
nulds and power 

Modular GNSC System 

Universal Dock Device 
FF Servicing Modulo 

piston system or preprogram- 

TV and Lighting System 

brew capability and availabil- 
ity 

FF Manned Vehicle 

|Covor up to 20 km 
Interference by CE 

Mobile transpohter 
(medium) 

Rail/Cablo Installer 

31stance of 30 km 
Power supply tradeoffs 
Distance 30 km 
|1D0 rt fixed base manipulator 
Operational functions 
20 m mobile manipulator 
>ew availability 
=^unctlon of where and why 

Modular Comm System 
Elect. Pwr Supply Hod. 
FF Trnsptr, Medium 
Hxed Dasc Hanip, Med. 
TV and Lighting System 

FF Manned Vehicle 
Fixed Base Hanip, Med, 

Jp to 21 km FF, 29 km attach- 


lanipulator length T5 m, 
'caching thru existing struc- 
ture--attachment system Incor- 
JOrates aligning, fastening 
jnd subolement checkout 

Unlv Dock Device, Med. 
Fixed Bose Hanip, Hod. 
Fixed Base Hanip, Small 

JiotancD and Interference 
’ockage size and translate 
11 stance 

Trew productivity and avail. 

Modular Comm System 
Structure Attached Tms- 
;ptr. Manned Cat. H on 
Fixed Base Hanip Cat. Ill 
Atteclied Trnsptr, Crew 

km to new site 

Fixed Case Hanip, Med. 

Hay be dedicated launch 

FF Trnsptr, Small 

1 

crew control for positioning 

Modular Thruster Packag( 

itlgh crew -EVA Involvement 

Fixed Case Hanip, Hod. 

Reach requireaents/task dex- 
terity 

i 

Manned Module, Cat. H 
Attached to Fixed Case 
'Doom 















CABLES (MPTS RAOIAL CABLES) S FACILITIES (LARGE KQBULES) = TRIAGBL'LAR BEAMS 


Table 4, 2,2-2 OCSE for Truco Type SPS 



SUPPORT REQUIREMEfiTS 


Mobil e Beam Transporter (on 
Structure) 

s Assemble on-orliit or launch 
rron ground 

• Transport to Structure 

• Placement on rails or cables 

9 Conaunicattons link 

« Electrical power recharge 

9 Operational checkout 
f Maintenance and repair 

Fixed Base Manipulators 
t Assciablc on-orbit or launch 
from ground 

' • Transport to construction site 
t iillgnmant for mounting 

« Fasten to construction facility 

• Service and repair 

Small Highly Dexterous Manipulator 

• Launched from ground 

I Transport to construction site 

• Interface vjith fixed base 
manipulator 

• Storage port on CF 

• Maintenance and repair 


Mount Dcam Guilders onto Construc- 
tion dig 

a Transport to construction site 
a Docking or EE grip Interface 

a Position alignment for mounting 
» Fasten to construction facility 
a Checkout operations 
a Raw material handling 
a Resupply consumables 
a Maintenance 

Connect Sections Together 
a Transfer section to connection 
point ; 

a End effector interface 
a Connection alignment 


Transport Cable Reels to MPTS 
Use Points 

a Compatible docking ports 
a Load reels onto transporter 

a Transfer reels to cable dis- 
penser 

Installation of Cable Dispenser 
at Use Point 

a Release holddown fastener 
a Transfer to new-usc location 
a Position for fastening 
a Check alignment 
• Fasten to structure 
a System checkout 
a Haintenanco 

Cable Installation 
a Cable stringer 


POTEtiTIAL OCSE 


Launch from ground 

Transporter, free-flying 
Facility manipulator/TV and 
lights 

Antenna module 

Small 3 DOF manipulator 

TV and lights or instrument! 
Railed EVA work platform 

Launch from ground 

Transporter, free-flyer 
Facility manipulotor/TV and 
lights 

Small manipulator/EVA 
Small manipulator/EVA 

Receive from launch vehicle 
Transporter, freo-fVyCr 


MAJOR DESIGd DRIVERS 


Designed to fit within IILLV 

Man-in-the-loop control 
Han-remote control 

Replaceable module, func- 
tion of distance 
Battery storage or recharge 
stops 

Motion, current, force 
Replaceable modules 

Erectablc structure 
Size 

Prepared surface on jig 

EOTS size, cherry picker 
EOIS size, cherry picker 


OCSE 

COHMOtl USAGE 
CLASSIFICATION 


universal docking device 
FF Trnsptr (700 lb. Cat. g; 

Antenna mod,, 10 Km range 

Battery Recharge Station 

TV i Lighting System 
Common Replacement Modules 

Free-Flying Transporter 
{700 lb. Cat. G) 


One man cherry picker 
One man cherry picker 


Small free-flyer, EOTS size FF Trnsptr {700 1b, Cat. G 


Manipulator end effector Interchangeable E.Ev 
stowage 

Small unmanned FF or EVA Replaceable modules 


E.E. Storage Rack 
■Stand module interchange 

ack 


Free flying vctiiclc 60 Km range I FF Trnsptr (7,000 lb, Cat F, 

EE grip interface (part of Docking receptacle, dia,, Universal Docking Device 
beam fabricator) force 

Incorporated Into ocan bldr Universal docking mcohanisrtj Universal Docking Device 


Onboard instruments Latch and contact lights 

Facility manipulator Mobile base, 30m long 

Hardwire umbilical Fluid and elect, power 

Modularize design, EVA mod- Close to manned module 
ulo 


One or more transport ve- 
hicles 

Common connect device 
Alignment aids or EVA 


Ducking mechanism 
Stowage facility manipula- 
tor 

GNSC System 

Work site manipulator or 
EVA 

Remote control 
Transporter 
Facility manipulator 
TV/llghting system 

Tension readout 
EVA module 

Tethered EVA or EOTS 


Connector size, force 
Manned or unmanned 


Size dia., acc., force 
Reel sizes 


Size, access, lighting, 
data feedback 
Data feedback 
Access 

Availability, size 
Access, viewing aids 

Adjustable sotting 
Replaceable modules 

Collision avoidance prob- 
lem with other cables 


Std. Fluid & Power Conn. 
One man cherry picker 


Frco-Flying Transporter 


One man cherry picker 


Univ. Dock. Device 
Small fixed base manip, 

GtiSC module package 

Manipulator 
Cherry picker 
Free-flying transporter 
Small manipulator 

TV and lighting system 

Strain gage 
Clierry picker 

Onboard computer package 









Table 4. 2, 2^2 (Continued) 



SPS 

ELt 

GRP 

fiO. 

SUPPORT REQUIflEHERTS 

POTENTIAL QCSE 

MAJOR DESIGN DRIVERS 

OCSE COMMON USAGE 
CLASSIFICATION 



IV. 

tn 

a: 

V- 

“> 

p 

£5 

g 

CJ 

Ul 

eJ 

Transport Conductor Reels to 
Point of Uic 

0 Ccrapatible docHnj ports 
« Load reds onto transporter 

t Transfer reds to conductor 
Installer 

Routing Conductors on Struc- 
ture 

0 Reel handling mcchartism 

• Mobility capability on 
structure surface (or In- 
ternal) 

» Electrical recharge 
0 Stowage port for nan-uso 

0 Consuni.'blo parts resupply 

0 Halntenanc** and repair 

Universal Decking.Mechanism 
Manipulator on Transporter 

Manipulator on Transporter 

Potential EVA Task 

Facility Manipulator 

Mobile Conductor Connector 
by EVA or Conductor Installer 

Power Recharge Stations 
Universal Stowage Rack 

Mobile Han1pulator/EVA 

Dedicated Ha1nt Vehlele/Fac 
and EVA/ECHS 

Vehicle size (liLLV, OTV, etc) 
Size a function of transpor- 
ter configuration 

Number of cycles and access 

Simple 3 DOF, tension, feed, 
DHp 

Requires access opt tfido of 
photovoltaic blankets 

Major sys tradeoff area 
ianipulator EEs to small sta- 
tion 

Function of total logistics 
flow 

Crew productivity and avail- 
ability 

Jnivorsal Docking Dev. 
Hanip. Fixed Dase, 

Small 

Struct Ate Trnsptr Cat. 
H 

Hanip Mobile Dase, Long 

Struct Att Trnsptr Cat. 
tl 

Elect. Fwr Supply Hod. 
Universal Equip. Stow- 
age Rack 

Manned Hanip. Cat. Ill 

Free Fly Trnsptr Cat.F 
w/Att. Hanip. Cat. VI 

V. 

trt 

H* 

n. 

i/> 

Ui 

g 

e 

i/> 

o 

m 

Ci 

la 

(/> 

m 

s 

C£ 

a. 

Transport HPTS Structurt to 
Assembly Site 

• Compatible handling Inter- 
face 

0 Docking port 
0 Services, power, propoll- 
ants, etc 

0 Collision avoidance SPS 
structure 

0 Maintenance and repair 

Transport SPS Elements on SPS 
Structure 

a Transport platfonn 
9 Existing structure with 
rails or cables 
0 Communications link 

0 Po'wer source (outlets) 

3 Transport unit to SPS site 

1 Position on rails or other 
3 Operational checkout 

3 SPS elements resupply 
9 Maintenance and repair 
9 Relocate on structure 

Interchangeable Manipulator 
EE 

Universal Docking Hechanlsra 
Freo Flyer Services Modulo 

Remote Control by Crew 

Dedicated Maintenance Facili- 
ty 

Mobile Transporter 

Rail and/or Cable Installer 

Strap-on Communications sys 
Selected bat. 'echarge points 
FF Transport Vehicle 

'■tobilo Facility Manipulator 
Use Existing Open Sequence 
Manipulators 

Dcd Haint Vehicle or EVA/ELHS 
lobitc Facility Manipulator 

Nandi 0 as is or prepared 
Interface 

Medium sized transporter 
Fluids and elect power 

Visual system or preprogram- 

pnqd 

Could be part of logistics 
facility 

Material and people 
Existing structure base 

20 km and interference 
lormlDn to most OCSE 
Hstance is function of logis- 
tics 

Travel distance of 5.2 km 
lajor operating functions 
.oglstics process flow 
Trow prod, and availability 
'OD m reach 

FF Trnsptr Cat. G, 

Large 

Universal Dock Dev, Lrg 
FF Services Nodule 

Indirect Viewing i 
Lighting Sys. 

FF Trnsptr Cat. F w/Att 
Hanip Cat. VI 

FF Trnsptr Cat. F 
Align., Ty fi Light Sys 
Rail & Cable Instal. 

Modularized Conrr. Hodul 
Elec Pwr Supply Module 

Align., TV S Light Sys 
Std Operating Sequence 
Manipulators, Cornton 
FF Trnsptr Cat. F 
Hanip Mobile Dase, Long 

VI. 

s 

n 

Jsm 

Ui|<l 

men 

mc-it 

<c 

iDui 
. .^•=Z 

D> O. 

Assumes a Habile Truss Conflg 
oration 

i Fabricate on-orbit or 
launch from ground 

• Transport from fabrication 
facility' to SPS construc- 
tion 

a Existing structure with 
rails or cables 

t Comunications link 
1 Align and place on rails 
i Operational checkout 

• Resupply packages 

• Maintenance and repair 
3 Relocate on structure 

Launch In Sections and Assem- 
ble On-orbit 
FF Transporter 

Built into Construction Facil- 
ity (can also run on truss 
spans) 

Strap-on Comn System 
Mobile Transporter 
Elxsting Operational Sequence 
Mobile Transportcr/Hanipulatoi 
Dedicated Vehicle or EVA/ECHS 
Mobile Transportcr/Hanipulato 

Iround to LEO on HLLV 

Jnit eg and docking interfaces 

iuide technique, future use 

Jistance up to ZO km 
Travel distance of 5.2 km 
Major operating functions 
Travel distance of 5.2 km 
.ocation and failure typo 
5.2 km travel with GOO n react 

EVA Assembly Tools 
FF Transporter, Large 

Laser Guidance Tech. 

'Modularized Conw. Hodul 
Align. , TV & Light Sys 
Std Operating Sequence 
Manip Mobile Dase, Long 
Trnsptr Cat. F S Han.Ca 
Manlp. Mobile Base, Lon 

5 

VIA, 

a: 

Oic 

'll-! 

O.U. 

Transport from Launch Vehicle 
to construction Site 
a Transport vehicle (FF or 
attached) 

a Attacliaont or docking int- 
erface 

a Manipulator setup mainten- 
ance ■ 

9 Manned vehicle With manipu- 
lators (if required) 

Launch Assembled from Ground 

Single or Multiple Transpor- 
ters 

Universal Docking Mechanism 

Crew Controlled Fastener Hech 
anisra 

Manipulator Attached Cherry 
Picker 

Crew control for positioning 
Size, eg, etc. 

•Interface, access, handling 
lids 

Reach requiremonts/task dex- 
terity 

FF Transporter, Large 
Cat. F 

Universal Docking Devlc 

EVA Handhold Fastener 

Struct At,t Module Cat. 
and V 

G 

J 



SUaAHilAYS (liPTS) 


Table 4, 2.2-2 (Condluded) 



SUPPORT REQUIREHEHTS 


POTEUTWL OCSE 


VII Transport from Fabrication 
Facility to UPTS Surface 

• Transport vcliiclos - FF and Subarray Transporter (LF to 
attached MPTS Site) 


a Dail/tradc system setup, 
maintenance and repair 

• Docking facilities 

■ • Manned vehicle with manip- 
ulators fif rcauircd) 

• Maintenance and repair 


Rail/Track Installer with ' 

Ma inpul ator I 

Universal Docking Mechanism i 
Manned Mobile Transporter 
With Attached Manipulators 
Dedicated Maintenance Vehicle 
or EVA/ECHS 



iVllQR DESt&l ORIVEns 


Distance up to 29 km (typ 
size: 10 X 10 X 10 m pack- 
age) 

Transport and handle subar- 
rays on HPTS 

Locations and vehicle size 


Crew productivity and avail- 
ability 

iLogistics flow, replacement 
module sizes 


OCSE COHUON USAGE 
CLASSIFICATION 


FF Trnsptr, Large, Cat. 
M 

Rail/Cable Installer 

Universal Docking Dev. 
Struct Att Module, Cat. 
J and V : 

FF Trnsptr & Manipula- 
tors, Cat. 0 or Cat. V 







Table 4. 8. S-3 OCSE foi> Boeing Themal SFS 


SPS 

Ei.E 

GRP 

NO. 

SUPPORT PEQUinEHENTS 

PQTEtlTIAL OCSE 

HAJOR DESIGN DRIVERS 

OCSE COMMON USAGE 
CLASSIFICATION 

I. 

Habile Dean) Trawpoi'tcr {on 





Structure) 

t Assemble cn-orblt or launch 

Habile Beam Transporter: 

Within HLLV 

Universal Docking Dev. 


from ground 

Launch from Ground 




• Transport to stiTJcture 

Free Flying Transporter 

Remote or direct manned con- 
trol, docking interface 

FF Trnsptr, Hodiuni 


1 Placement on rai’s or cab- 

Facility Manipulator 

Remote or direct manned con- 



Ics 

trol 



• CoTOunications link 

Strap-on Communications Sys 


Modular Conn. System 


• Electrical pov/ar recharge 

Spare Battery Supply Module 

Battery recharge capability 

Modular Fwr Supply Sys. 


i Operational checkout 

Remote sensors/TV 

No. of parameters monitored 

Maneuverable TV Vehicle 


• Maintenance and repair 

Possible EVA Work Station 

Rcplactablc modules 

ECWS or EOTS 

g 

Fixed Case Manipulators 
1 Assenblc on-orbit or launch 

Assemble on orbit 

Manipulator total length 

Fixed Based Manip, Med. 

from ground 




• Transport to construction 

Transporter, free flying 

Manipulator segment length, 

FF Trnsptr, Hedlum 


site 


docking interface 



* Alignment for mounting 

Facility Manipulator 

Rcmoto/dirc' t control 

Modular TV i Light. Sys 

S’ 

» Fasten to construction fac- 

Automatic Latches/Small Man- 

EOTS/ECHS 

EVA Handheld Fastener 


ility 

ipulator 



2 

t Servica and repair 

Small Hanipulator/EVA 

Replaceable modules, ECUS 

FF Trnsptr Cat. D-F 

h- 

Small Highly Dexterour (tanifi- 
ulator which Travels on Long 
Ccani 



w/Att Manip Cat. V 
Hanip Mobile Base, 
Short, Cat. V 



Receive from Launch Vehicle 

Docking interface 

Unlv Docking Device, Sm 



Free flyer 

Remote/direct control, dock- 

FF Trnsptr, Small 


Site 


ing interface 


■ Interface with fixed base 

Replaceable EE or Hanip. 

Ilo. of different EEs required 

Quick Connect/Disconnec 


manipulator 

Device by EVA or Hanip 


s Storage port on CF 

Docking Port/lemporary Attach 

Docking interface 

Storage Port for OCSE 


• Maintenance and repair 

EVA or Return to Base 

Replaceable modules, ECUS 

Att Trnsptr Cat. L w/ 
Mobile Manip Cat. V 

II. 

Free Flying LEO to GEO Trans- 
port 





• Compatible docking ports 

* Number and location of port; 

Docking Port 

Docking Interface 

Univ Docking Device, Lig 


a Communications link with 
both LEO and ground 

Part of FF Transporter 


Modular Cana System 


iount Beam Builders onto Con- 
struction Jig 

» Transport to construction 

Free flying Transporter 

leam builder size 

FF T. nsptr. Small 

a 

site 

» Docking or EE gr<p inter- 

Ittachment interface 

Univ Docking Device, So 

Docking Port or Attach Point 


face 



o 

> Position alignment for 

Incorporated into Dooking Oe- 


Modular TV A Light. Sys 


mounting 

vice 


ta 

1 Fasten to construction fac- 

Automatic Latches or Attach 

iufflhcr of interfaces 

ECWS or EOTS 

3 

ility 

Point 




D Checkout operations 

Remote/Visual 

* 

Modular TV A Light. Sys 

UJ 

1 Raw Material Handling 
1 Resupply consumables 

Facility Manipulator 

Supply reel size 


1 Maintenance 

EVA or Dedicated Vehicle 

ieplaceablc modules. ECWS 

FF Trnsptr Cat. D-F (S 
men) 


Connect Sqptions to Structure 




Start Points 

• Transfer section to con- 

Free flying Transporter 

Section sizes 

FF Trnsptr, Smell 


nection point 


Prebit Struct Con Dev 


« End effector interface 

Common Connect Device 

Docking interface, attach 


• Connection alignment 

Docking Port 

point 

Modular TV h Light. Sys 


t Aid in deployment of eree- 

Manipulators 

Structural dimensions 

Struct. Deploy Device 


table structures 


Cat. A A H or VI 

in. 

Transport Cable Reels to MPTS 
Use Points 

Transporter: 


Univ Docking Device, Sm 


« Compatible docking ports 

Docking Mechanism 

Size, mass, forces 


• Load reels onto transporter 

Facility Manipulator 

Reel size 

Fixed Base Hanip, short 


* Transfer reels to cable 

Facility Hanipulator/EVA 

Reel size 

Fixed Dasa Hanip, Short 


dispenser 




Installation of Cable Dispen- 
ser at Use Point 

Manipulator/EVA: 


Attached Base Long Boom 


• Release holddown fastener 

Remote Activation 

Data 

EVA Manual Override 

liJ 

t Transfer to new-uso loca- 

Transporter 

Access to site 

Att Base Long Boom 


tion 


§ 

» Position for fastening 

Hanipul ator/Dexterous 

Access/intorfcroncc 

Manip Short, Cat. V 


* Check alignment 

Remote, Visual/Automatic 

Data 

Modular TV A Light. Sys 


• Fasten to structure 

Automatic Latches 

Data 

EVA Handheld Fastener 


0 System checkout 

Remote 

Data 


« Maintenance 

Manipulator or EVA 

Replaceable modules 

Att Transporter, Cat. 


Cable Installation 



K/L 


» Cable stringer 

ECHS/EOTS 

Collision avoidance 

ECHS/EOTS 


IV" 10 





t 


Table d.S,8-3 (Continued) 


SPS 





ECE 

GRP 

fi 3 . 

SUPPORT RECJIREIIEHTS 

POTEfillAL OCSE 

MAJOR DESIGN DRIVERS 

OCSE COMMON USAGE 
CLASSIFICATION 

Vi 

Transport Conductor Reels to 

Transporter: 




Point of Use 

• Compatible docking ports 

Docking Mechanlsm/Attach Pts 

Transportor/payload size 

FF Trnsptr, Small 
Univ Docking Davlce, Sm 


• Load reels onto transpor- 

Facility Manipulator 

Reel size 

C3 

1— 

u 

• Transfer reels to conductor 
Installer 

Manipulator or EVA 

Access, frequency 

Att Manipulator, Small 


Routing Conductors on Strut- 

Automatic Device OS Facility 



o 

turo 

or Small Manipulator 




t Reel handling mechanism 


Reel size, access 

Att Manipulator, Small 

s 

• Hobllity capability on 

Transporter, Rail or Surface 

Dean size and span 

Att Trnsptr, Cat, K/L 


structure surface {or In- 

Influenced 


H 

tornal) 





0 Electrical recliarge 

Oattery Recharge Station 

Frequency, location 

Elect Pwr Supply Hod. 


• Stowage port for nonuse 

logistics Docking Port/ 


OCSE Stowage Panel 


times 

Attach Point 



B Consumable parts resupply 

Transporter, FF or Attached 

Schedule reel size 

Att Trnsptr, Cat. M 


• Maintenance and repair 

Small Manipulator or EVA 

Access, transport 

Att Trnsptr, Cat. K/L 

V. 

Transport Assembled Struc- 

Frco-flylng Transporter: 


FF Trnsptr, Medium 


turos to Remote Assembly 
Sites 





0 Compatible handling Inter- 
face 

• Docking ports 

Structures EE Interface 

Structure attach point 

Std EE Grip Inter. 


Docking Meehan Ism/Attach Pt 

Facility design 

Unlv Docking Device 


i Services, power, propll- 

Part of Transporter Systems 

Distances, cargo mass 

FF Servicing Vehicle 


ants, etc 

• Collision avoidance SPS 

Inherent In Transporter Sys- 

Gcomotrfc configuration of 

Radar Coll Avoid Sys 

a 

structure 

terns 

route 

s 

0 Maintenance and repair 

Service Vehicle (ECUS) or 

'Distance 

FF Trnsptr, Cat. F 

H* 


Return-to-Base 


=D 

Transport SPS Elements on 





SPS structure 





* Transport platform 

Attached transport platform/ 

Platform size 

Att Oase Long Boom 

UJ 


boom 


cn 

« Existing structure with 

Rail or Cable Installer 

Temp, or permanent 

Use Boom for Rails Base 

uj 

rails or cables 



m 

• CoTOiunlcations link 

Antenna Module, Part of Plat- 

Distance of 5 km 

Modular Conn Sys 

S 


form 


C3u 

t Power source (outlets) 

Dattery Recharge or Power 
Outlet Station 

Frequency location 

Elect Pwr Supply Hod. 


• Fabricate unit 

Manipulators In MF-l or On- 
site 

Free flying Transporter, if 

Platform design 

FF Trnsptr, Sml, Cat. F 


• Transport unit to SPS site 

Section sizes 

FF Trnsptr, Medium 

needed 


• Position on rails or other 

Manipulator 

Platform section sizes 

Fixed Base Hanlp, Long 


s Operational checkout 

Ri-note/VIsual 

Data 


• SPS elements resupply 

Attached Material Transporter 

Schedule, element size 

Att Transporter Cat. H 


• Maintenance and repair 

Manipulator or EVA 

Replaceable modules, ECUS 

Att Trnsptr, Cat. K/l 
Att Oase Long Boom 


• Relocate on structure 

Man! pulator/Transportor 

Platform size 

VA. 

Transport and Install Sec- 

Transporter (Large): 


FF Trnsptr Cat. G 


tlons onto Cavity Shell 



a Long reach manipulators 

Long Hanlpulator/Doom 

Shell section sizes 

Fixed Base Long Doom 

X 

a Docking 'facilities 

Docking Mec tanlsm/Attach Pt 

Section interface 

Univ Docking Device, Sm 


a Manned vehicle (FF) to 

ECUS - dexterity 

Access 

Cherry Picker 


assist fastening 


h- « 

a Fluid servicing capability 

ECHS 

Safety, dexterity 

Cherry Picker 

S»tO 

(liquid metal) 


0*3: 

1 Maintenance and repair 

ECUS 

Replaceable modules 

Cherry Picker 

VI* 

Assumed Vehlc' e Capable of 
Travel On/Thru Existing 
Structure and also Free fly- 
ing 

a Fabrication on orbit or 

Launch from ground 

In HLLV 

Fixed Base Hanip, Small 

UJ 

launch from ground 



a Transport from fabrication 

FF and Attached Transporter 

Structure Interference, 

■F Trnsptr, Small 

o 

fdcftity ty SPS construe- 


avoidance 

a 

tlon site 



a 

a Existing structure with 

Attached or Surface-lnflucn- 

Seam size, path 

Att Trnsptr, Cat. H 


rails or cables and also 

ced Vehicle 


docking ports 





0 Cocuiunlcatlons link 

Part of Transporter 


Modular Com Sys 

< 

0 Align and place on rails 

Manfpulator/Vlsual 

Self-alignment device 

TV 6 Lighting Sys 


0 Operational checkout 

Rcmote/Vlsual 

Operational functions 

TV & Lighting Sys 


0 Resupply packages 

tl/A 


0 Maintenance and repair 

Manipulator or EVA 

Crew productivity 

Att Transporter, Cat K/L 


0 Relocate on structure 

Transportcr/Hanlpulator 

Vehicle size, frequency of 
relocation 

Fixed Base Hanlp, Large 
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Tdbte (Concluded} 


SPS 

ELE 

GRP 

NO. 


VIA. 


Transport to Cavity Hatcrial 

Supply Depot 

• Compatible docking port 

• Receive fron primary trans- 
port vehicle 

• Transfer to on-site manipu- 
lators 

Long, Hobllo Base Manipulator 

• Construct on orbit 

!• Mount on track 

• Alignment technique for 
automatic control 

|» Checkout 
Resupply consumables 

• Haintonanco (leak check) 


VID. 


Vll. 


StiPPflRT requirements 


[Transport, Facents to the 
Solar Concentrator Frame 
a Compatible docking ports 

j Load onto transporter 
[a Transfer to facet installer 
or stowage 

Timber of Facets Indicates an 
Automated Operation such as a 
Traveling Truss 
Fabricate on orbit or launcHF 
from ground 

a Transport from fabrication . 
facility to SPS construction 
site ' 

i Existing structure with 
rails or cables 
» Consunications link 
i Align and place on rails 


Docking Mechanism or Attach 
Point 

Manipulator 


Transport Pieces 
Fabricate On-orblt, Manipula- 
tors plus EVA 

Assemble On Site (Option 2) 


jj Operational checkout 
b Resupply packages 
I Maintenance and repair 
b Relocate on structure 


Transport and Install at HPTS 

Tork Site 

I Transport vehicle (FF and 
attached) 

• RalT/track systait setup, 
maintenance 

9 Manipulator setup 

I Manned vehicle (FF or 
attached) to assist fasten- 
ing 

b Haintenatlcc and Repair 


POTENTIAL OCSE 


Transporter Free-flyen 
Docking Mechanism, Attach Pt 
Manipulator 
Manipulator 

Manipulators plus EVA 
Large Manipulator 


Reraote/Vlsual 
Transportcr/Hanlpulator 
EVA or Ranoto Sensors 


P art of Truss System 
anipulator. Automatic Latch- 
S/Align 
Rcmote/Visual 
Transporter, attached 
Manipulator, EVA 
[Transporter/Hanipulator 


Free flying Transporter 

Manipulator 

Monipulator 

ECWS 


Dedicated Maintenance Vehicle 
ar EVA/ECHS 


MAJOR DESIGN DRIVERS 


No. of ports/points, sched- 
ules 

Turbo-generator set size, 
mass 

Turbo-generator set size, 
[mass 

Generator set Installer de- 
sign 

iPicce size • 


Data 

"ackago size schedule 
lECMS/Oata 


fio. of ports/polnts required 
Facet package size, number 

Truss size, no. of pieces 

Jeam size, Toiip or Pom. 

Uignmeut accuracy 
)atB 

lesupply packages. Size 

rows 

Truss size 


pubarrays installer size 
Installer design 


Logistics flow, replacement 
Module Sizes 


OCSE COMMON USAGE 
CLASSIFICATION 


FF Trnsptr, Medium 
Univ Docking Device 
Att Manipulator, Short 
Att Manipulator, Short 

FF Trnsptr, Cat. D-F 
Fixed Base Manip, Med. 

TV i Lighting System 
■Cherry Picker 


FF Trnsptr, Medium 
Univ Docking Device 

Att Manipulator, Short 
Att Manipulator, Short 

FK Transporter, Cat D-F 
Fixed Base Manip, Med. 

lail/Cable Installer 

iodular Comm Sys. 

IV A Lighting Sys 

rv & Lighting Sys 

Itt Trnsptr, Cat. D 
Mxed Base Manip, Med. 


F Trnsptr, Cat. H 
Jniv Docking Device 

iail/Cable Installer 
itt Case Rot. Doom 

:herry Picker 

FF Trnsptr, Cat. 0 & 
ianipulator Cat. V 
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listed. Finally, an attempt was madv'j to classify the OCSE by using brief, 
common labels for similar pieces of OCSE. Due to the various combinations 
possible for transporters and handlers, a separate matrix was developed for 
these processes. Each area was divided into categories with specific charac- 
teristics, which are defined in Table 4. 2. 2-4. 

-• ^ OCSE Stomas List 

The OCSE lists generated for each SPS configuration contain, as inspec- 
tion of those lists indicate, items which are common to all the configurations, 
or to two of the three configurations. Table 4. 2. 3-1 summarizes the types of 
OCSE required in the SPSs, and Figure 4. 2.3-1 shoxvs some of the major concept 
alternatives as they apply to the OCSE Inventory Tree established earlier. 

It should be noted that the OCSE complement will, for the operational system, 
be a subset of the concept list presented in Figure 4. 2. 3-1. Depending upon 
the actual SPS configuration, and upon trade studies of the concept alterna- 
tives, the overlapping OCSE concepts will be combined into a complete, efficient 
system. 

TobZe 4. 2. S-1 OCSE Summary List 


& 

Transporter, Free Flying 

0 

Cherry Picker 

0 

Transporter, Structure Attached 

0 

Universal Storage Panel 

s 

Manipulator, Mobile Base 

0 

Modular Systems (G,N&C/Comm/ACS) 

0 

Manipulator, Fixed Base 

0 

EVA Hand Tools 

0 

Long Boom, Attached Base 

0 

Monitor, Direct Viewing 

0 

Universal Docking Device 

0 

Servicing Module 

0 

Aligner (EVA, TV, Laser) 

0 

Checkout System 

0 

Fastener (EVA, Manipulator, 




Latch) 





TK*HSPORTERS 


Table 4. 8, 2-^4 QCSE Categoviea for Transporters and Handlers 


Trattslatiaiv 

Hade 

Transport 

Function 

Configuration 

Options 

SuT)T3ort Req/Equimant 

Catc- 

Tree Flying 
Vehicle 
a propellant 
□ GS&C 

Personnel 

Mover 

Open Platfortn 

Crev Suit System EMU/KMO, man rated 
closed £GS, Unbilical or tether 
DocUlng Device & Hcceptaclc» Comp, 
vtth man 

A 

O Cooou;^.!- 
catlons 
0 CDS 


Sc3ni Open Plat- 
forta 

PresBuruaed Compartment, man rated 
upper half of EMU suit on Can Dock- 
ing Device & receptacle, comp, with 
man 

B 



Closed Flatfons 

Pressuriaed compartment, man rated 
docking device & receptacle, coo^. 
with can 

C 


Meterialo & 
Personnel 

Open platform 

Same as Category A & provide ma- 
terial pallets & holddowns 

D 


Hover 

Scot Open Plat- 
form 

Same as Category B & provide ma- 
terial pallets & holddowns 

E 



Closed platform 

FrcBSUtlscd compartment, man rated 
docking device & receptacle, comp, 
with mitt 

Provide' motcrial holddowns 

P 


Materials 

Mover 

Open platform 

Docking device Ei receptacle, un- 
manned 

Material pallets & liolddawns 
Remote control station 

G 

Structure 

Attached 

Personnel 

Hover 

Open Platform 

Crew suit system EMU/EQ<S closed ECS, 
umbilical or tether structure to 
vehicle attachment interface 
Crew transfer airlock, comp, with 
suited man 

n 



Semi Open Plat- 
form 

Pressurised compartment, man rated 
Crew transfer airlock 
Structure to vehicle attachment 
interface 

1 



Closed platform 

pressurised compartment, nan rated 
Cret^ transfer airlock at maintained 
press, structure to vehicle attach** 
ment interface 

j 


Materials A 

Personnel 

Mover 

Open Platform 

Some ns Category II plus provide ma- 
terial pallets and holddowns 
Vehicle pickup and relocation interfaci 

K 



Closed Platform 

Some as Category I plus provide ma- 
terial pallets bod holddowns 
Material load and removal capability 

L 


Materials 

Mover 

Open Platform 

Structure to vehicle attachment inter- 
face Area stowage locations loading 
and unloading pacts; Vehicle pick up 
and relocation interface Material 
load end removal capability 

H 
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Table 4. 2.2-4 (Conotuded) 



IBBi 

Handle 

Function 

Configuration 

Options 

Support Req. /Equipment 

B 


General 
Purpose 
Mechanlsn 
(Limited 
P0F£4 DOF) 

Translate 

Personnel 

Fixed end, long 
rotating boom 

Manned module to boom Interface 
(see attached personnel movers) 
Crew transfer airlock, pressurised 
requires man rating of long boom. 



Translate 

materials 

Fixed end, long 
rotating boom 

Material trnsptr module to boom inter- 
face (see attached material movers) 
Requires manned remote control 
Requires material loading & unloading 

II 



Translate 
Materials & 
Personnel 

Fix end, long 
rotf ('.ing boom 

Multiple support capability same as 

Cat. I and XI above 

Collision avoidance capability 

III 




Fixed end, long 
telescoping and 
rotating boom 

Limited use as translation road more 
complex than Cat. I, II, III 
Limited reach capability 

IV 


Manipulators 
(Arm like) 

Dexterlous 

Manipulative 

Task 

Arm similar to 
PFMA to Shuttle 

manned Remote Control 
Interchangeable end effectors 
Manned rated when supct. manned module 
Variable control accuracy 
Adaptable to mounting on manned/un- 
manned space vehicles 

1 



Manipulative 
Task Req, 
High Forces 
& Torques 

as above 

Most likely requires two arms working 
together 

Requires 6 doF controllers 

VI 
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FREtntlHG 

TRAHSPORTERS 


STRUCTURE 

ATTACHED 

TRANSPORTERS 


HANDLERS 


ALIGNERS 


KATERSAL 

FASTENERS 


~ Personnel and FtotertaU 

—Suited, open 
structura 

-Suited, closed 
structure 

1-Sh1rtsleevcd, 
closed structure 

— Materials Tronsportar 

t Open structure 
Closed structura 

—Personnel Transporter 

-Suited, opan 
structure 

—Suited, closed 
Structure 

—Shirtsleeved, 
closed structura 


— Perscnnel and Materials 

-Gulted, open 
structure 

-Suited, closed 
structure 

Lshirtslecved, 
closed structure 


t-Materlals Transporter 

t pen structure 
losed structure 


I— Personnel Transporter 


h Suited, Open 
structure 


t Sulted, closed 
structure 

S»*<rt sleeved, 
closed structure 


— Kanipulators > 5 DOF 
(Ara-lllce) " 

-fixed Case Kanipula- 
tor Long 

-Mobile Base Manipu- 
lator 

-Dexterous Manipulator 

1-Dua1 Manipulators 

—General Purpose <, A DDF 
Hechanlsns 

-Fixed Bast Long Ds(n 

-Fixed Base Telescoping 
Boon 

-fixed Bast Module Re- 
cxjve/RcpIace HechanISQ 


— Align for Joining 
-Axis on Line 

• Laser 

• Video 

c Mechanical 

LaxIs Perpendicular 

• Video 


-Flatness 
[-Laser 
i-VIdeo 
Ltranslt 

L— Depth and Range 

t Stereo Video 
Graphic Presentations 
TV Reticle 


Manipulator Controlled 
-Adhesives 
-Ucldtr.g 
(-Mechanical 

—EVA Controlled 
-Adhesives— 

0 Hot Melt 
0 Ultrasonic 

■Voiding 

Ulechanleal— 

■ Punched Katertil 
• Rtvats 

e Self-Tap Screw 
c Clamps 

—Inherent with Structure 

1-Hechan1ea1 {luptet, 
etc) 


CHECKOUT 


-Input Slrulators 
-Heat Source 
-Sun Source 
-Electrical Supply 
-Force and Torque 

-Data Feedback Sensors 

E X-ray Helds 
Ultrasonic 

Electrical Con- 
tinuity 


KOHITOR 

DEVICES 


—Indirect Viewing 

-Video - stereo, 
CCD. etc. 

-Photography 

L-infrared 


I — Direct Viewing 

t Uindows In ECUs 
Telescopes 

'Instnxoents 
l-Rtd. Fluid Leak 


-Contamination Monitor 
-T««p. Indicators 
-Strain Gagas 


OCSE SUPPORT 
EQUIPMENT 


-Docking Devices 

[-Vehicle Joining Only 

j-Crew and Material 
(-Transfer between 
Vehicles 

-Cormodlly Servicer 

E luld Transfer 
odule Replacement 

lectrlcal Power Re- 
supply 

-Storage Panels ^ 

[•Manipulator EE 
|-H?sctHanaous OCSE 
Leva Tools 


INTEGRATED 

SYSTEMS 


— Structure Attached Mobile 
Manned Vehicle with Attached 
Manipulators 

— Free Flying Manned Vehicle 
with Attached Manipulators 

— Remote Manned Teleoperator 
Vehicle Structure Attached 

— Remote Manned Teleoparator 
Vehicle Free Flying 

— Subsystem Thermal Insulator 


Modularized Systems 
-Connunlcatloni 
-OCSE Tracking 
-SNtC 

-Mounting Flates 
-Lighting and Video 


BASE 

MODULES 


CHKD Moduli 

—Maintenance and Repair 
Module 

— Cocmdltles Storage 
Module 

— Assmbly Jigs 
EVA Module 


AOJUSTMEKT 

DEVICES 


— Beaai Positioners 
-ManlpuTators 

•Remote Manned Vehtcl:? 
(COTS) 

(-EVA with SpKtal 
Tools 


{ — Inherent with Structure 
[-Screw Jack 
Lcincor Motion (fedft 

(—- C able Tiflstonars 

t Tum Buckle 
Cable Bender 


Figvjpe 4. 2, 3-1 OCSE Candidate Cmoepts 


4«3 Preliminary OCSE Concepts Screening 

4,S,1 OCSE Sareenim Cx>ii;eHa Seleation 

A relatively large number of OCSE candidates were identified during 
Part II of the study. Many of the potential candidates were obviously sig- 
nificant to the study and required further detailed evaluation, X'jhile others 
were less significant in both functional and design terms. Therefore, it 
was necessary to reduce the number of candidates in as few steps as feasible 
to "filter out" less attractive solutions. The objective was to develop and 
work approaches to identify: 

1) Future supporting research and technology items; 

2) Technical feasibility of proposed equipment; 

3) Items having a high usage probability; 

4) Proposed OCSE development incompatibility with SPS program 
milestones. 

Many different tradeoff parameters were evaluated which could have an 
impact on the decision to eliminate or retain specific OCSE concepts. Some 
of these x^ere eliminated early due to having only minor effects on equipment 
concepts. It was important at this point to determine x^hich factors were 
relevant to the screening process, and thFi specific type and form of data 
that could be used. Care xras taken to identify only those meaningful 
parameters or ones having high relative importance. For example, during th'*s 
phase no concepts xrere eliminated from a cost standpoint. The parameters 
finally selected x-iere as follox;s: 

Task Cycles - Is the support task performed by the OCSE done few 
or many times, and on a scheduled or unscheduled basis? If done 
many times, the support equipment required takes on greater relative 
importance. 

2) Performance Flexibility - Can a number of different functional tasks 
be accomplished by this unit? If so, it is a reasonable candidate 
for more detailed analysis. 

3) Per f ormance Re dund ancy - Does this equipment perform a similar 
functional task as that of other equipment? If only one concept 
seems applicable to a particular task, that concept should be 
investigated further because it may be critical to SPS construction. 
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4) “ Is the OCSE concept snieXXg mediuin) or Xarge? SXze gives a 
measure of OCSE system compXexity and affects Xaunch transportation 
capabiXitles which gives some measure of transportation impacts. A 
Xarge system may require on-orbit assembXy and that task deserves 
additionaX anaXysis. 

5) DeveXonment Impacts - Can any speciaX materials, processes, and 
faciXities invoXved in the deveXopneit, testing, and production of 
such OCSE be identified? New development items may require earXy 
trade studies or design anaXyses. 

6) Concept Design AnomaXies - Based on past experience can design/ 
performance factors most XikeXy to cause troubXe be identified? 

Such factors shouXd receive attention earXy in SPS programmatic 
deveXopment . 

7) Interfaces - Are there many interfaces invoXved with setup, opera- 
tions, and maintenance? If so, they shouXd be identified and 
analyzed as soon as possible. 

8) State of the Art - Does this concept use existing technology or 
require new technology deveXopment? A high probability of future 
supporting research and technology based on past and projected SRT 
would result in a high priority for further study. 

9) SRT Time-Phasing - If the OCSE requires an SRT effort, does this 
effort have a direct impact on schedule milestones associated with 
SPS program development? Such impacts must be minimized by study- 
ing the concept early in SPS program development. 

10) Potential Obsolescence - Project and evaluate to see if significant 
increases in the state of the art of related technology might render 
specific OCSE obsolete. A high probability of obsolescence gives 
any OCSE concept a lov; priority for further study. 

11) Adaptability to Verification on Ground - Can the OCSE concept opera- 
tions verification be completed in a one-g environment by ground 
simulations? Does the OCSE require prototype development? If the 
concept can be verified by ground testing, its development should 
begin early enough to allow completion of such tests before STS 
demonstration flights. 
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I 


1 


12) Representative of SPS Baseline - Is the concept applicable in support 
of one, two, or all three of the SPS baseline configurations? Poten- 
tial applicability to many (or all) SPS concepts gives the OCSE a 
high priority, 

4. 3, 2 C onaeyt Screenim 'Process 

The OCSE preliminary screening methodology used here was based on a 
simplified matrix approach developed as shown in Pigure 4. 3. 2-1, The emphasis 
during this task was to generate an OCSE concept list organized in a descend- 
ing order from the highest development priority preference. Accomplishment 


Study 

Guidelines 


Develop 

Screening 

Criteria 


OCSE 

Listed 

Classes 


Criteria 

Quantifi* 

cation 


Comparison jk 
Matrix ~ 


Development 
Priority 
Rank and 
Score 


12 

Parameters 


Categori es 

• High 

• Medium 

• Low 


Concepts 

Remaininc 


Figure 4. 3. 2-1 Soreening Methodology Process Flon 

of this list required a simple quantification process which would aid in 
separating the preferred concepts from the total list of proposed OCSE. 

Concept grading against each parameter was performed using a scale of — low 
(score = 0), medium (score = 1), and high (score = 2) — -where high was 
relevant to a high priority preference for near term future development. 

Finer separation of categories was determined not to be justified due to the 
quality of the data available and the subjectivity used in assigning the 
parameter categories to each of the many OCSE concepts. Table 4. 3. 2-1 presents 
a summary defining the assignment of categories to the criteria parameters. 

Figure 4*3. 2-2 presents the complete list of OCSE items considered in 
the evaluation, categorized into groups. Table 4,3, 2-2 shows the score 
received by each piece of OCSE against each of the 12 parameters. The last 
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I 




Table 4.S.S-1 Vy>iovity Aeaignment by Categories 


Parameters 

High 

Medium 

Low 

Task Cycles 

Many cycles 

Average cycles 

Few cycles 

Performance 
FI exibility 

Multifunctional/ 
task capabilities 

Limited number of 
task capabilities 

Dedicated task 
effort 

Performance 

Redundancy 

Only unit capable 
of doing task 

Limited options 
capable of doing 
task 

Many optional means 
of doing task 

Size 

Large; greater 
than HLLV payload 
envelope 

Medium; assembled 
and launched from 
ground 

Small; like EVA 
hand tools 

Development 

Impacts 

New materials, 
processes, or fa- 
cilities required 

Modified processes 
nr facilities re- 
quired 

No new materials, 
processes, or fa- 
cilities identi- 
fied 

Concept Design 
Anomalies 

Operational and 
performance prob- 
lems identified 

Few potential de- 
sign problem areas 

No identifiable 
design anomalies 

Interfaces 

Complex and 
varied interfaces 

Simple multiple 
interfaces 

Simple mounting 
interface 

State of the Art 

Supporting re- 
search and tech- 
nology required 

SRT from related 
technology 

Existing techno- 
logy 

SRT Time Phasing 

Impacts specific 
SPS milestones 

Minimum impact on 
SPS schedule 

Dedicated to OCSE; 
no impact on SPS 
schedule 

Potential 

Obsolescence 

Unlikely to be- 
come obsolete 

Moderate probabil- 
ity of becoming 
obsolete 

Good probability 
of becoming ob- 
solete 

Adaptability to 
Ground Verification 

Consider system 
and subsystem 
ground simulations 

Consider for sub- 
system ground simu- 
lations 

Should not consider 
for ground verifi- 
cation 

Represents SPS 
Basel ines 

Three 

configurations 

Two 

Configurations 

One 

Configuration 


column of the table shows how each item ranked against all other items in the 
list, and gives the total score (addition of O's, l*s, and 2’s based on a low, 
medium, or high rating for each parameter) received by the OCSE item. Thus an 
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-Personnel and Hsterlals 

— j'jftcd, open 
structure 

-Suited, closed 
structure 

—ShlrtsleeVRd, 
closed structure 

-Katerlals Transporter 

t Open structure 
Closed structure 

-Personnel Transporter 

-Sultel, open 
structure 

-Suited, closed 
structure 

—Shirtsleeved, 
closed structure 


-Personnel and Materials 

-6utted, open 
structure 

-Suited, closed 
structure 

-Shirtsleeved, 
closed structure 

-Materials Transporter 
j-Open structure 
i-CIosed structure 

-Personnel Transporter 

-Suited, open 
structure 

-Suited, closed 
structure 

-Shirtsleeved, 
closed structure 


Manipulators > S DOF 
{Arci-liSte) ” 

-Fixed Base Manipula- 
tor Long 

-Mobile Base Manipu- 
lator 

-Dexterous Manipulator 

-Dual Manipulators 

iGeneral Purpose £ 4 DDF 
Hechanls“s 

-Fixed Base Long Docn 

-Fixed Base Telescoping 
Boos 

-Fixed Base Module Re- 
rove/Replace Hecfianlsai 


-Align for Joining 
-Axis on Line 

• Laser 
■ Video 

a Mechanical 

-Axis Perpendicular 

• Video 

-Flatness 

t Laser 
Video 
Transit 

-Depth and Range 

t Stereo Video 
Graphic Presentations 
TV Reticle 


-Manipulator Controlled 

t Adhesives 
Welding 
Mechanical 

■"EVA Controlled 
-Adhesives— 

• Hot Melt 
• Ultrasonic 

-Welding 

-Mechanical— 

e Punched Material 
• Rivets 
• Self-Tap Screw 
• Clasips 

-Inherent with Structure 

1-Hechanlqal (Impact, 
etcj 


-Beans Positioners 
-Manipulators 

-Henote Manned Vehfes 
(EOTS) 

-EVA with Special 
Tools 

-Inherent with Structure 

t Screw Jack 
Linear Motion Wedge 

-Cable Tensioners 

t Turn Buckle 
Cable Bender 


CHECMUT 


t'DItlTCR 

DEVICES 


OCSE SUPPORT 
EQDIFHEflT 


IHTEGHATED 

SYSTEMS 


EASE 

MODULES 


-Input Slraslators 
-Heat Source 
-Sun Source 
-Electrical Supply 
-Force and Torque 

-Data Feedback Sensors 

E x-ray Welds 
Ultrasonic 

Electrical Con- 
tinuity 


-Indirect Viewing 


Mnfrared 

-Direct Viewing 

t Windows in ECWs 
Telescopes 

-Instruments 

-Rad. Fluid Leak 
-Ccntaciinatlon Monitor 
-Temp. Indicators 
-Strain Gages 


-Docking Devices 
pVehlcle Joining Only 

Ucrew and Material 
L-Transfer between 
Vehicles 

-Cotxiadlty Servicer 

E uld Transfer 
idulc Replacement 

ectrlcal Power Re- 
supply 

-Storage Panels ^ 

-Hanlpulftor EE 
-Mlsceiienecus OCSE 
-EVA Tools 


-Structure Attached Mobile 
Manned Vehicle with Attached 
Manipulators 

-Free Flying Manned Vehicle 
with Attached Manipulators 

-Remote Manned Teleoperator 
Vehicle Structure Attached 

-Remote Manned Teleoperator 
Vehicle Free Flying 

-Subsystem Thensal Insulator 


-Modularized Systens 
•Conriunlcatlons 
-OCSE Tracking 
-thsc 

-Mounting Plateo 
-Lighting and Video 


-CHAO Module 

-Maintenance and Repair 
Module 

-Ccnmditles Storage 
Module 

-Assembly Jigs 
-EVA Module 


ViaicCQ 5. 2-2 OCSE Development Ei'eferanae Ranking within Groups 
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5CREEII1NS 

PARAHETEtlS 


OCSE 

CONCEPTS 


• Case Modules 

- emo Modulo 

- EVA Module 

- Cocnodltlcs Storage Modulo 

- Hafntc.)ance and Repair Module 

- Assonbly Jigs 

• Transporters 

- Personnel Trnsptr Free Flying 

- Suited. Open Structure 

- Suited. Closed Structure 

- Shlrtsleeved. Closed Struc 

- Materials Trnsptr Free Flying 

- Open Structure 

“ Closed Structure 

- Personnel and Materials 
Transporter Free Flying 

- Suited. Open Structure 

• Suited. Closed Structure 

' Shlrtsleeved. Closed Struc 

- Personnel Trnsptr Struc Att 

” Suited. Open Structure 

• Suited. Closed Structure 

- Shlrtsleeved, Closed Struc 

- Materials Trnsptr Struc Att 

- Open Structure 

- Closed Structure 
'ersonnci and Materials Trnsptr 

' Suited. Open Structure 

- Suited, Closed Structure 

- Shlrtsleeved, Closed Struc 

• Handlers 

- General Purpose i 4 DOF Hech 

- Fixed Base Long floow 

- Fixed Base Telescoping Boom 

- Fixed Base Module Ranovo/ 
Replace Mechanism 

- Manipulators > 5 OOF (Aral Ike) 

- Fixed Base Manipulator 

- Mobile Base Manipulator 

- Dexterous Manipulator 

- Dual Manipulators 
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• Aligners 

- Surface Flatness Aligner 















- Video 

H 

It 

L 

L 

L 

L 

L 

L 

L 

H 

II 

II 

13/9 


- Laser 

H 

H 

L 

L 

II 

L 

M 

H 

L 

H 

H 

II 

9/13 


^ Transit 

H 

H 

L 

L 

It 

L 

M 

L 

L 

M 

II 

M 

M/8 


- Align for Joining 
- Axis on Line 















» Laser 

11 

H 

L 

L 

II 

L 

H 

K 

L 

H 

II 

H 

8/14 


- Video 

11 

II 

L 

L 

L 

L 

L 

L 

L 

H 

II 

II 

12/10 


- Mechanical 

K 

M 

B 

L 

11 

L 

M 

L 

L 

H 

(1 

II 

12/10 


- Axis Perpendicular 



■ 












- Video 

II 

11 

■ 

L 

L 

L 

L 

L 

L 

H 

II 

M 

12/10 


- Depth and Range 















- Stereo Video 

H 

H 

M 

L 

L 

L 

L 

L 

L 

H 

II 

II 

11/11 


- TV Reticle 

H 

L 

11 

L 

L 

L 

L 

H 

L 

H 

II 

H 

M/8 


- Graphic Presentations 

M 

L 

H 

L 

L 

L 

L 

H 

L 

II 

H 

H 

13/9 


• Fasteners 

- EVA Controlled Fastener 
- Mechanical 















- Punched Material 

H 

L 

D 

L 

L 

L 

L 

L 

L 

H 

H 

II 

15/7 


- Rivets 

H 

L 

B 

L 

L 

L 

L 

L 

L 

H 

H 

H 

15/7 


- Self-Tapping Screw 

H 

L 

B 

L 

L 

L 

L 

L 

L 

H 

H 

It 

15/7 


- Clamps or Latches 

H 

L 

B 

L 

L 

H 

H 

L 

L 

H 

II 

II 

13/9 


- Adhesives 



B 












- Hot Melt 

H 

L 

H 

L 

H 

H 

M 

H 

H 

H 

H 

II 

10/12 


- Ultrasonic 

H 

L 

B 

L 

M 

H 

H 

L 

H 

H 

H 

H 

11/11 


•• Welding 

H 

L 

M 

L 

H 

11 

H 

L 

H 

M 

H 

H 

10/12 


- Manipulator Control Fastener 
- Mechanical 

K 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

15/7 


- Adhesives 

H 

L 

L 

L 

11 

M 

H 

M 

H 

H 

H 

H 

10/12 


- Holding 

H 

L 

f1 

L 

11 

M 

M 

L 

H 

H 

II 

II 

10/12 


- Inherent with Structure 
- Impact Latch 

It 

L 

L 

L 

L 

11 

L 

L 

L 

L 

H 

M 

17/5 


- Remote Latch/Rolcase 

M 

L 

L 

L 

L 

H 

1 

L 

L 

L 

II 

H 

17/5 


• Adjusters 















- Cable Tensioners 
- Turn Buckle 

H 

L 

H 

L 

L 

L 

L 

L 

t 

L 

II 

L 

17/5 


- Cable Bender 

M 

L 

II 

L 

L 

L 

L 

L 

1 

L 

H 

H 

16/6 


- Inherent with Structure 















- Screw Jack 

H 

L 

H 

L 

1 

H 

L 

L 

L 

L 

11 

M 

16/6 


- Linear Mot'o.i Hedge 

M 

L 

H 

L 

L 

H 

L 

L 

L 

L 

H 

H 

17/5 
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CONCEPTS 


t Adjusters (Continued) 

- Beaiii Positioners 

- Hsnipulators 

- EVA/Tools 

Remote Fr ToTeoperator 
« Checkout Systems 

- Input Sl.nulators for Checkout 

- Sun Source 

- Heat Source 

- Hlectrlcal Supply 

- Force and Torque 

- Data Feedback 

- Sensors for Checkout 

- X-ray Helds 

- Ultrasonic 

- Electrical Continuity 
• Honitor Systems 

- Direct Viewing 

- Hindows 

- Telescopes 

- Binoculars 

- Indirect Viewing 

- Video-Stereo, CCD, etc 

- Photography 

- Infrared 

- Instruments 

- Strain Gages 

- Temp, Ind. 

- Rad. Fluid Leak 

- Auio. Sensors 

- Contamination Monitor 


• OCSE Support Systems 

- Docking Devices 

- Crew and Material Translate H 

- Vehicle Joining Only !1 

- Ccranodity Servicer 

- Module Replacment H 

- Fluid Transfer H 

- Electrical Power Resupply H 
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entry of 8/14 means that the item ranks eighth in importance within the list, 
having received a total score of 14. OGSK items receiving the same score 
were given the same rank. 

Table 4. 3.2-3 lists the comparative ranking of the 64 Of.JE items eval- 
uated. Items currently under study or already defined in other NASA con- 
tracts are identified and were removed from further sLudy in the OCSE con- 
tract. The higher ranking items remaining, including those similar in 
function to each other, are listed in Table 4. 3. 2-4. Tliese items were 
selected for further evaluation; additional screening was performed in 
Part III to identify two or three critical OCSE itenis. 


Table 4.3,P.-3 OCSE Preference Order List 


EH3 

OCSE CANDIDATE 

REMARKS 

1 

Hinipuittori nsbllt btfCi ^ 5 DOF 

Selected for further study 

1 

Minlpulttor, fixed bise, ^ S DOF 

Selected for further study, same as previous ItM 

2 

Decking Device far Joining Vehicles (e.g., Urge systems} 

Selected for further study 

2 

Kinned Charry Picker Attached to lony Boom [with Hanlputitor 
Arms) 

Selected for further study 

2 

Base CHADriodule 

Selected for further study 

3 

Fixed Base Long Bocrn, ^ 4 OOF 

Selected for further study 

3 

Hanlpolator, Dexterous, ^S DOF 

Work effort covered In P-FMA Contract NAS8-31487 

3 

Manned Cherry Picker Attached to Structure (with Manipu- 
lator Arras) 

Selected for further study, similar to earlier ttam 

3 

Modularized Coraraunicatipus Syston 

Ref JSC-12702, CRT assest-ment, assigned to conwnlcatlon/ 
control center 

4 

Connodlties Storage Module 

Selected for further study 

• 4 

dalntenance and flepair Module 

Selected for further study 

4 

Dujl Manlpulatgrs 

Selected for further study, similar to earlier ItM 

4 

Fixed oSSc^ Extendable Boom 

Selected for further study, similar to earlier Um 

4 

Personnel and Material Transporter Structure Attached 
(suited crew: open structure) 

Selected for further study 

4 

Docking Device with Personnel Transfer 

Skylab and Shuttle crew transfer data applicable 

4 

Free Flying Manned Cherry Picker, Docking Capability 
(with Manipulator Arms) 

No further detail planned, reference ECWS study, HAS9- 
15290 

4 

Peraote Manned Maintenance Vehicle 

Similar type activities In progress at JSC and HSFC 

5 

Materials Transporter Structure Attached Open 

Selected for further study, similar to earlier ItM 

5 

EVA Module 

Selected for further study 

5 

Manipulator End Effector, Self-Replaceable 

No further detail planned, ref NAS8-30266 

5 

Fixed Base Module Renove/Replace Mechanism 

No further detail planned, lOSS study NAS8-30820 

5 

Modularized CNAC System 

No further detail planned, Space Docking Study, NASS-31542 

5 

Central Tracking Station for OCSE 

No further detail planned, assign to cone/control center 

6 

Subsystem Sheet Insulation Remove/Replace Installer 

No further detail planned, critical thermal Interactions 

6 

OCSE Storage Panels 

Selected for further study 

6 

Personnel and Material Transporter Structure Attached 
(suited crew, with cargo bay doors) 

No further detail planned, similar to other Item 

* 6 

Fluid Transfer Conmodlty Servicer 

No further detail planned, assign to OTV storage module 

B 

Module Replacenjent Mounting Plates 

Covered by ongoing effort, ibss Study Contract NAS8-30820 

H 

Personnel and Material Transporter Free Flying 
(suited crew) 

Selected for further study, also reference ECUS study, 
NAS9-15290 

7 

Personnel Transporter Structure Attached (suited crew, 
open and closed) 

No further detail planned, ref ECWS Study, NAS9-15290 

7 

Conmodlty Servicer by Module Replacement 

No further detail planned, ref IpSS Study, NAS8-30820 

7 

Special EVA Tools for Initial Setup 

No further detail planned, ref Skylab and Shuttle EVA 
tools 

8 

Laser Alignment System 

No further detail planned 

8 

Portable Heat Source 

No further detail planned 

8 

Assembly Jigs 

No further detail planned, dedicated to specific SPS 
configuration 

8 

Materials Transporter Free Flying (suited crew, open 
structure) 

Similar type task activities In progress at JSC and MSFC 

8 

Personnel and Materials Transporter (structure attached, 
shirtsleeved crew) 

Covered by ongoing effort, ECWS study. Contract NAS9-1S290 

9 

Personnel Transporter Free Flying 

No further detail planned 

9 

Video Systems; Lighting, Stereo, CCD, etc 

No further detail planned 

10 

Adhesive Fasteners 

Ho further detail planned 

10 

Welding Fasteners 

No further detail planned 

10 

Contamination Monitor 

No further detail planned 

10 

Radiator Fluid Leak Monitor 

No further detail planned 


Electrical Power Resupply Vehicle 

No further detail planned 
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RANK 

OCSE CANDIDATE . 

REMARKS 

11 

Adhesive fastener (U1 trasunlc) 

No further detail planned 

11 

Thermal Insulator (Foam, Paint, Shutters, etc) 

No further detail planned 

12 

Phoinjraphy Systems 

No further detail planned 

12 

Hechanical Alltjnniert of Joints 

Ho further detail planned 

13 

Graphic Presentations Aligner 

No further detail planned 

13 

Crow Viewing Windows 

No further detail planned 

14 

Sun Source for Solar Cell Checkout 

No further detail planned 

14 

Infraied Viewing System 

No further detail planned 

14 

TV Reticle for Range 

No further detail planned 

14 

Transit Allgtment System 

No further detail planned 

14 

Telescope Viewing System 

Ho further detail planned 

15 

EVA Joint Adjustment Tools 

No further detail planned 

15 

X-Ray Held Checker 

Ho further detail planned 

15 

Ultrasonic Held Checker 

No further detail plannsd 

15 

Electrical Continuity Checker 

No further detail planned 

15 

Mechanical fasteners (Rivets, Screws, etc) 

No further detail planned 

16 

Cable Tension Adjusters 

No further detail planned 

16 

Teeperature Indicators 

Ho further detail planned 

16 

Force and Torque Indicators 

No further detail planned 

17 

Inherent Structure Fastener 

No further detail planned 

17 

Strain Gages 

No further detail plannad 


Table List of Sare.aned OCSE Candidates 

• Manipulator, fixed or mobile base, or dual, ^ 5 DOF 

• Docking Device for joining large systems 

• Manned Cherry Picker, attached to boom or structure 

• Central Hub Assembly/Deploynient (CHAD) Module 

• Fixed-base Boom, long/extendable, <, 4 DOF 

• Maintenance Repair Module 
f Commodities Storage Module 

• Personnel/Material Transporter, structure attached 

• OCSE Storage Panels 

• Personnel/Material Transporter, free-flying 

• EVA module 




5,0 CONCEPTS EVALUATION/ SELECTION 


5.1 Part III Objectives 

In Part III of the study, the OCSE selected as an output of Part II was 
identified to a level sufficient to identify the major operational features 
and programmatic aspects of proposed concepts. Major trade studies required 
were Identified, including factors related uo both cost and technology, 
and the potential application of the OCSE to a SPS Pilot Plant was defined. 
Finally, the OCSE recommended for further development was identified. Figure 
5.1-1 summarizes the approach utilized in Part III and the following para- 
graphs describe the individual tasks in more detail. 



Figure 5. 1-1 Fart III Functional Flow 
5.2 OCSE Definition 


The 11 items of OCSE selected in Part II of the study are defined in 
more detail in the paragraphs that follow. Each item is discussed separately 
in eight subsections which identify operational and programmatic requirements. 
Table 5.2 t- 1 lists the subparagraph numbers under which each piece of OCSE is 
discussed. Table 5.2-2 presents the eight subsections used to define each 
piece of OCSE in greater detail. 


V-1 






Table 5.2-1 OCSE Desc'H'ption List 




PARAGRAPH NO, 


OCSE ITEMS FROM PART II 


5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.2.5 

5.2.6 

5.2.7 

5.2.8 

5.2.9 

5.2.10 

5.2.11 


Manipulator, fixed or mobile base,, or dual, ^ 5 DOF 
Docking Device for joining large systems 
Manned Cherry Picker, attached to boom or structure 
Central Hub Assembly/Deployment (CHAD) Module 
Fixed-base Boom, long/extendable, 4 DOF 
Maintenance Repair Module 
Commodities Storage Module 

Personnel /Material Transporter, structure attached 
OCSE Storage Panels 

Personnel/Material Transporter, free-flying 
EVA module 


Table 5.2-2 OCSE Definition Outline 


►Introduction 


Operational Description 
•Crew Participation 
• Concepts 

• Subsystems 


Environmental Factors 


Interface Considerations 


• Development Plan 






5,2.1 General "Puyvoae Handlera: Manipulators 


5, 2. 1.1 Introduction - Orbital construction and assembly will require 
the use of manipulators. The manipulator systems will range from simple 
to complex, manual to automated control, single to multiple degrees of 
freedom, short to long in length, and gross to fine positioning accuracy. 

A summary of the wide variation in manipulative activity is presented in 
Table 5. 2. 1-1. 

Table 5,2.1-~1 Manipulator Swmary 

•Perform Tasks Requiring Multiple Degrees Of Freedom 

•General Purpose Mechanism ( ^ 5 DOF) 

•Manipulator Types Include 

•Fixed Base 
•Mobile Base 

•Mounted On Or Interfaces With 

•Dedicated Structure 
•Modules 

•Crew Work Platforms 
•Long Booms 

•Masses Handled Range From 5 To 700,000* kg 
•Translation Distance: 10m To 900^m 
•Manipulator Lengths: 3m To l,000^m 


* Column Cable Peripheral Cable Reels 

# Tension Rods On Truss Type SPS 
tf MPTS Extension Structure 

5. 2. 1.2 Operational Diacussion 

5. 2. 1.2.1 General - As Indicated in Table 5. 2. 1-1, the general purpose 
manipulator types Include fixed base and mobile base. The fixed-base manipu- 
lator is defined as an articulated arm with five or more degrees of freedom 
\jhose base is fixed-mounted to a platform, structure or facility even though 
the facility to which it is attached may move. 

The mobile types include manipulators that walk on the joints or beams 
of the structure, those that move on wheels, and fixed tracks (which are 


either part of the structure or are an addition to the structure) and 
those that move on tracks of a pivoting boom. It should be noted that 
free-flying devices are excluded from this discussion. 

The advantages of the mobile manipulator over the fixed-base type is 
that the former can move from one work area to the next, thus eliminating 
the need for very long manipulator arms or the need for a multitude of 
manipulators. Mobile manipulators also provide a logical means of complet- 
ing work in one area and moving on to do work in the next area (e.g., 
component installation), as apposed to having the construction tasks "brought" 
to the fixed manipulator. The disadvantages of the mobile manipulator are 
obvious; namely, that the structure must have some type of provisions for 
Che mobility and the overall manipulator system will be more complex. 

5. 2. 1.2. 2 Applications - The fixed-base manipulator is used as general 
purpose construction support equipment for the truss-type SPS, the column- 
cable SPS and the thermal SPS, including the MPTS . Functions the manipula- 
tor can perform include stringing and attaching cables, handling arrays, 
attaching wiring, etc. It can also be used to transport material and crew 
from one point on the structure to another within its reach envelope. 

In addition, the fixed-base manipulator would be incorporated as part of 
other OCSE systems. The spectrum of this type of application is shown in 
Figure 5. 2. 1-1. 

The mobile manipulator performs essentially the same types of construc- 
tion tasks as the fixed base. In addition, it can be used to transport 
material and crew over long distances. 

Table 5. 2. 1-2 summarizes component installation activity as an example 
of a typical manipulative task application. 

5.3.1.S Cvew Participation - Each of the fixed-base manipulators will 
be controlled hy a single operator having a direct view of the work area 
plus indirect viewing via TV for auxiliary views. In the case of a mobile 
manipulator the control station would also have mobility U6 enable the 
control station to "tag along" with the manipulator system. 

5,2. 2-4 Concepts - Manipulator systems for application in space are 
beyond the conceptual phase. Recently, a pro tof light manipulator arm (PFMA) 
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Figure 5. 2. 1-1 Manipulator Applications 

was delivered to NASA-MSFC by Martin Marietta. The PFMA, illustrated in 
Figure 5. 2.1-2, is an eight foot arm designed for application on the Earth 
Orbital Teleoperator System (EOTS) and is capable of being operated in a 
space environment. Also, the Shuttle Remote Manipulator System (SRMS) will 
provide a technology base for medium length manipulator systems. 

However, for Construction of large space structures, longer manipulators 
will be required. One such concept, illustrated in Figure 5. 2.1-3, is a long 
manipulator used to provide installation of wiring on the underside of the 
microwave subarrays . 



Table 5. 2. 1-2 Typical Manipulative Task: Component Installation 


Component 


Quintlly: 


SIzo; 


Attachment: 


Sacondiry Structure; 


Primary Structures 


Pointing Requirements: 


Proposed 

Assembly 

Technique 


Dimensional 

Oita 


Description 


Thermal Radiator 
Panels 


2.944/Cavlty 


10m X 20m 


Four Point 


L5/5m Beams 
10-20m Apart 
Parallel 


Long 

Manipulator 


Length: s 


installs One Beam Or 
Radiator At A Time 


Thermal 
Reflector Facets 

MPTS 

Sufaarrays 

16,500/Refiedor 

7.854/MPTS 

30m X 30m 

10m X 10m 

Single Point 

Three Point 

LSm Beams 

<lm Beams 

lOm Apart 

'''10m X lOm 

Parallel 

Parallelograms 

5m Beams 

4.3m Oeams 

340m Apart 

'vDOm Apart 

"Rectangular" 

"Paraller' 

Mechanically Ci DOF) 

Electronically 

Traveling 

Mobile 

Crane 

Manipulator 

Base; 34dm 

Base: 18.5m 
length: 22m 

1 nstalls 10 Beams 

Installs One 

Ota; 11 Facets 

Beam Or One 

Simultaneously 

Suharray At 
A Time 


Btxl Effector Grip ■ 


Wrlec loll* 
WrlPt 

WrUt Pitch 


Klbow Pitch 


X 




Upper Ara Xoll 


Shoulder Pitch 


Shoulder Xa 


P-f714 I§om«trie 
















































Figure 5. 2. 1-3 Manipulator for MPTS Underside Aaaess 


As indicated earlier, the mobile manipulator system provides one 
means to reduce manipulative length requirements. A typical concept is 
shown in Figure 5. 2. 1-4. This bridge-crane concept might span, for example, 
two concentric rings of the MPTS . Mobility is provided by two pivot/attach- 
ment mechanisms. The carriage walks by releasing one attachment point and 
pivoting about the other. 

The manipulator systems are summarized in Table 5. 2. 1-3. Note that the 
overall length requirements range from approximately three meters to over 
50 mecers. 



Figure 5, 2. 1-4 Mobile Manipulator Concept 


Table S.2,1-3 General Purpose Manipulator Systems Summary 



Small 

Medium 

Large 

Length (m) 

3 - 10 

10 - 50 

Over 50 

S.O.A. 

PFMA 

Extended 

SRMS 

SRT 

Required 

General 

Characteristics 

Precise, 

Dextrous 

Precise To 
Gross Positioning 

Gross Placement 
Of Massive Objects 

Typical 

Mounting 

Locations 

ECWS 

EOTS 

Fixed Base 
Mobile Base 
Long Booms 

Fixed Base 

STS 

Impacts 

None 

Assembled 
On -Orbit 

Assembled 

On-Orbit 



5. 2. 1.5 Environmental Faators - The major environmental factors affect- 
ing the manipulator designs are the hard vacuum and thermal impacts encountered 
over the extensive operational life requirements. Areas of greatest concern 
are rotating bearings, bearing surfaces, goars and lubricants. These are 
common problems for all mechanisms exposed >.o space environments . 

5.2. 1.6 I?iterfaae Considerations 

5. 2. 1.6.1 Launch Vehicle - Methods to fabricate on-orbit or assemble 
a prefabricated segmented system must be considered in cases where the 
manipulator length is not compatible. 

5.2. 1.6. 2 SPS Construction Faoilitn - The stiffness of the structure 
must be compatible with the loads developed by the manipulator system at 
the mounting Interface. Power, data and communication interfaces must be 
provided. In addition, the manipulator system will interface with the OCSE 
stowage panels containing the various end-effectors/ tools required for the 
construction task. 

5.2.1.? Trade Studies - The following are areas in which trade studies 
are required: 

a. Establish size and length based on both application and mobility; 

b. Generate preliminary timeline data to assist in scoping the number 
of manipulators and the operational rates required; 

c. Determine loads developed on the manipulator and the SPS structure; 

d. Investigate the number of degrees of freedom vs the loads/lengths; 

e. Analy.’.e dual manipulator control techniques. 




P&velo pmeni Plan - The future activities recommended are shown 
below in Figure 5. 2. 1-5. The activity falls into three general areas — supporting 
research and technology, simulation/demonstration and system fabrication, inte- 
gration and verification. The SRT activity provides the long-lead support 
required to define the technologically feasible development paths. The resulting 
data feeds into the siraulation/c’.emonstration testing activity, which provides 
the means for discriminating between technologies and selecting a preferred 
development approach. The recommended program applications and integration 
activity must he defined to assure that all manipulative tasks are considered 
in perspective. The development and implementation must be responsive to all 
requirements in a cost effective manner, not piecemeal as the problems arise. 
Maximum advantage should be taken of the SRMS development so that the lessons 
learned can be applied to the development of the longer arm. 


MILESTONE DESCRIPTIONS 

SCHEDULE 

77 

78 

79 

80 

81 

82 

83 

84 

85 1 

86 !s7 

88 

• SYSTEM DEFINITION/EXPLORATORY TECHNOLOGY 

nil 

iim 

nil 

III/ 

» 

A 





_j 


MANIPULATORS IN SPS CONSTRUCTION 

- 

— 




h 







CONTROL STUDY (MANUAL TO AUTONOMOUS) 


- 

— 








M 


MAN/MACHINE INTERFACE DEVELOPMENT 



-! 

— 









0 COMMIT TO TECHNOLOGY ADVANCEMENT 
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• TECHNOLOGY ADVANCEMENT 




IIIJ 

nil 

nil 

nil 

III! 

mil 

nil 

Hill 

nil 

- GROUND BASED DEVELOPMENT 













GROUND SIMULATIONS AND TEST 




-- 

— 








- SPACE EXPERIMENTS 













TASK BOARD OPERATIONS 





- 

— 

M 



















- SPACE SUBSCALE SYSTEM EVALUATION 












PILOT PLANT 0, SPS 







_ 





PILOT PLANT I, SPS 






1- 

— 

— 




0 COMMIT TO SYSTEM DEVELOPMENT 










• SYSTEM; DEVELOPMENT 





i { 



nil 






’ ; ! ! 

^ 1 ! 

1 







1 1 ■ i t 






1 ^ ^ 1 : 

U- - 


Figure 5. 2, 1-5 Manipulator Development Schedule 



5,2,2 Dockincr Device for Joining LavQe Systems 


5.2, 2.1 Introduction - One of the key operational technology areas 
identified 1:\ the early construction scenarios was the activity and hard- 
ware associated with rendezvous and docking of free flying space systems. 
Activities identified included requirements calling for a fleet of manned 
through automated spacecraft which would provide space transportation for 
construction personnel and materials. Some of the basic transportation 
routes that were considered are typified by the following: 

• Cargo from the HLLV in LEO (28.5° inclination) to fabrica- 
tion facilities or construction site in LEO. 

• Cargo from the HLLV in LEO (28.5° inclination) to construc- 
tion sites in GEO. 

• Rotation of personnel to different construction facilities. 

• Naterial/components from storage facility to assembly faci- 
lities (column cable) . 

• EVA personnel out to a work site. 

« Rendezvous and docking of large assembled structure sections. 

• Transport and placement of construction equipment onto the 
construction facilities or SPS. 

• Construction personnel rescue vehicle (EVA, etc.). 

• Subsystem replacement modules out to failed construction 
equipment . 

• Supply of SPS elements/construction materials out to the con- 
struction equipment. 

All of these functional activities require rendezvous and docking. The 
diver.se conditions and vast number of different hardware configurations in- 
volved makes this problem very complex with numerous operational options 
available. These operations may be under direct manned control as in the case 
of Shuttle or a manned orbital transfer vehicle. Another prime mode would be 
the remote manned control such as an unmanned free flying teleoperator or 
cargo transport vehicle. The last and most complex operational mode would be 
the autonomous rendezvous and docking. 
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The rendezvous and docking activities for this study were considered 
to be synonymous with the positioning and joining of SPS subassemblies. 

For example during construction and assembly of the SPS, several large (mass 
> 10® kg, linear dimensions > 500 meters) elements, separately constructed, 
must be joined together to form a structural unit. Some examples of this 
type of activity include attaching the MPTS to the main body of the SPS, 
joining the central hub elements of the column/cable SPS, and joining the 
separate solar concentrator modules of the thermal engine SPS. The techno- 
logy required to effect docking of such large systems must be demonstrated 
so that construction activities can be more firmly established. 

5. 2. 2. 2 Funational Discussion - Based on past space programs direct 
manned rendezvous and docking has been operational since Gemini, but remote 
manned and autonomous rendezvous and docking was considered a new technology 
area. This area can be separated even further into small systems and large 
systems. Small systems are those systems which can be docked or joined by 
a single mechanism similar in design and size to ones used on past programs, 
while large systems in general would include those systems having docking 
characteristics considerably different and more complex than present state- 
of-the-art. 

The study emphasis was to investigate docking requirements for future 
systems to determine Che feasibility of developing a universal docking concept. 
The envisioned hardware to do this could be a single unit design in a family 
of sizes with the capability to accommodate various sized vehicles onto var- 
ious configured surfaces. In addition to hardware configuration the question 
of remote operation — either with remote manual control, autonomous control, 
or some best-mix hybrid approach must be addressed. For the device design, 
the requirements arrived at, dictated a new design which was different from 
the existing Apollo, Apollo/Soyuz and Shuttle in that they were required to 
accommodate a pressurized crew transfer tunnel. This requirement did not 
exist for this proposed OCSE which resulted in a reduced weight and 
complexity penalty. However, past manned rendezvous technology was 
relevant in the area of sensors used for docking. A review of 
docking mechanisms applicable to structurally joining two systems in orbit 
was conducted, A sample of related source material reviewed follows: 
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Study Title/Company 

Year 

Space Tug Automatic Docking Control Study, 

1974 

Lockheed Missiles & Space Company 


lUS/Tug Payload Requirements Compatibility, 

1974 

McDonnell Douglas Astronautics 


Space Tug Avionics Definition Study, 

1975 

General Dynamic s/Convalr Division 


Integrated Orbital Servicing Study, 

1975 

Martin Marietta Corporation 


Multiuse Mission Support Equipment (MMSE) , 

1975 

Martin Marietta Corporation 


Earth-Orbital Teleoperator System Concepts & 

1976 

Analysis, Martin Marietta Corporation 


Space Tug Docking Study, Martin Marietta 

1976 

Corporation 



6. 2, 2, 2,1 General - In general the objective of this effort was to 
match the general docking requirements identified in part I of this study 
with concepts and results developed in past docking studies. In summary, 
the development of the preferred docking concept must remain flexible in 
performance capability while still making maximum utilization of the docking 
experience generated by the NASA in the decade since Gemini first docked with 
the Agena target vehicle, 

A quick summary of past docking hardware is presented in Figure 5. 2, 2-1. 
The first operational docking mechanism used on the Gemini employed a large 
scale probe/drogue approach. This demonstration system was not driven by the 
more complex operational objectives that were to beset the Apollo system — 
and as a consequence was heavier and more unwieldy than the next generation 
of docking mechanism design. 

The Apollo development process evaluated a variety of candidate ap- 
proaches, as illustrated across the top row in Figure 5. 2. 2-1 , The Apollo 
requirements led to the selection of the small scale probe/drogue, where the 
probe mechanism was mounted in the crew transfer tunnel. The probe/drogUe 
concept is carried on in this study as one of the prime mechanism candidates. 
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The most recent flight proven docking mechanism is the androgynous 
Apollo/Soyuz test project device (ASTP) . In this case, the mechanisms 
mounted on both spacecraft are identical. This approach has considerable 
merit in the docking of two manned vehicles where crew transfer is re- 
quired . 

Recent NASA studies have provided further docking mechanism back- 
ground data. McDonnell Douglas has been advancing the state of development 
for a square frame docking mechanism for some time and have presented sev- 
eral concepts similar to one shown on the bottom row of Figure 5. 2. 2-1, 

Much of the information and data presented for this effort has been 
addressed in previous studies conducted for different NASA centers,, parti- 
cularly in the areas of rendezvous techniques and appropriate sensors. The 
Intent was to build on past experience and previous studies and concentrate 
on design anomalies resulting from impacts due to size, mass, cooperative- 
ness, final alignment, interfaces, and forces. 

5.2.2. 2.2 Guidelines and Assumptions - A review of previous rendezvous 
and docking programs identified areas of consideration which must be factored 
into any activity to conceptualize new, operational strategies and resulting 
hardware for meeting functional requirements, Relevant areas identified were 
established as guidelines and desirable features for the docking of large 
systems. Those having a major design impact were selected and grouped as 
follows: 

a) Establish realistic design criteria so that simplicity of design 

can be achieved; remain flexible on arbitrarily established require- 
ments . 

h) Design a "forgiving" system by minimizing critical dimensions and 
sensitive components. 

o) Comprised of mechanically mated, remotely operated parts which 
"self-align" upon actuation. 

d) Simple, reliable, and flexible performance, 

Capable of release on command while minimizing release-induced rota- 
tions and translations to the satellite, payload or structure, 
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f) Configured and implemented to provide a clear field of view to 
optical/video, r.f., or laser sensors for docking maneuvers. 

g} Design with three points of contact when latched; less than three 
is not s tructuirally stable or efficient. 

h) Design for structure to absorb impact loads without shock absor- 
bers or load attenuators, if possible. 

i) Design such that all flight loads are transmitted through the cen- 
tral docking mechanism or, if required, transmitted through peri- 
pheral latches and outer structure rather than through the docking 
mechanism . 

5. 2, 2, 2. 3 Avvliaations ~ The applications for maneuvering and docking 
of .systems for the SPS program are many. The more common ones include the 
maneuvering and docking of manned or unmanned spacecraft to a stabilized 
space structure, manned or unmanned spacecraft to another manned or unmanned 
spacecraft and a large space structure to another large space structure, i.e. 
MPTS to the SECS. The less apparent applications Include tasks such as man- 
euvering and joining of beam assemblies, placement of construction equipment 
at the construction site, attachment to selected sites on the structure for 
inspection and maintenance sorties, etc. 

5, 2. 2, 2. 4 Trade Studies - Areas requiring additional detail analysis 
includes such items as docking studies, docking dynamics, flight mechanics 
trajectory analysis, crew productivity and man/machine interactions, Basic 
maneuvering and docking studies should be performed to identify the design (s) 
to be pursued. These studies should also address the establishment of re- 
quirements typical of those shown in Table 5, 2, 2-1. Present projections in- 
dicate no real major problem areas. Other trade studies include terminal 
docking analyses to aid in determining the docking mechanism requirements for 
stiffne.ss, damping, braking, forces and torques and control requlremGnt.s , 
Analysis is al.so required to e.stablish crew productivity. Under the baseline 
that man is available in-orbit to perform in the EVA mode, his potential 
capabilities and re.sultlng productivity should be determined. Por example, 
man's visual acuity makes him very valuable for vi.sual task.s such ns 
sightings for gro.ss alignment during maneuvering of objects prior to joining. 
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Table 5. 2. 2-1 Requirement Sources for Docking of Large Systems 


I 

1 


■r i 


• System Imposed Sources 

“ Determine which is to be active element. 

- Accommodate dynamic loads. 

- Compatible with SGLS or TDRS/STDN 

- Provide and assure safety provisions. 

- Compatible with existing environments. 

e Interface Sources 

- Free f lyer/passive system. 

- Free flyer/active system. 

- Docking mechanism. 

Mating elements. 

Single element with prepared surface. 

Single element with unprepared surface. 

- Payload support (power, thermal handles, etc.). 

- Indexing options. 

• Operational Sources 

- Control modes. 

Remote manual. 

Autonomous . 

Hybrid . 

- Functional docking modes, 

Active to passive. 

Active to active. 

Passive to passive, 

- Functional task operations. 

Cargo transportation. 

Maintenance and servicing. 

Material transfer. 

- Functional docking techniques. 

Impact or non-impact. 

Central or peripheral. 


5. 2, 2, 3 Crew Particivation - Based on present projections it was as- 
sumed that man's participation fell within two main categories; as a remote 
operator at a control station and in an EVA capacity. In the first category, 
a remote manned system was investigated, The options included looking at 
manual through autonomous control technique requirements. The sophistication 
and complexity of Remote Manned Systems to provide this capability varies 
over a considerable range. In general the man-machine interfaces required to 
interact with thi.s complexity is the control and display center. Matching of j 





control center hardware to best satisfy human engineering requirements can 
result in determining man's productivity. 

The role of EVA construction personnel was assumed as a maximum to be 
that of assisting in deployment and positioning of the structural elements 
prior to joining and the repair or replacement of failed components on the 
docking mechanisms. In the area of productivity the assignment of such tasks 
to man or machine would bo highly dependent on many different factors. Some 
of the more obvious include such items as repetitiveness, complexity, speed 
required to complete a task, multiple functions associated with task, sched- 
uled versus contingency, activity, etc. Analyses made in these other 
studies established that the rendezvous and docking system should be 
designed for remote manual control with the actual docking hardware being 
compatible for EVA assist in positioning and servicing. 

Si.Z.Z.4 Coyicier>ts - The primary objective of all docking concept is the 
eventual structural joining of two vehicles in orbit. To accomplish this, 
it was recognized that the mechanism used to join vehicles should be designed 
such that alignment requirements between the two vehicles are not unduly 
restrictive. These conditions can be different in either displacements 
(lateral and angular) between the two mating halves of the mechanism at 
contact or variations in the relative velocity between the two masses. 

Ill spite of these unknown docking characteristics, docking techniques 
were generated vjhich emphasized only the docking hardware since it was also 
assumed that any of the sensors used could be adapted to any of the docking 
concepts . 

The concepts generated here were bound by the intent to utilize to a large 
extent experience gained from past programs. 

The following paragraphs describe live distinct concepts for accomplish- 
ing docking of large systems, The first technique considered has been pro- 
posed by Boeing. 

It makes use of a docking module with the characteristics shown In fig- 
ure 1,2, 2-2. This docking module docks with one of the two structures to be 
joined, then sends out a docking probe (small free flying, vehicle attached 
to docking module by a cable) to dock with the other structure. Meanwhile 
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Probe/Module 
Docking Interface 


Docking Probe 
(Free Flyer) v 


Docking interface 


Docking Interface- 


Three Piece 
Telescoping Section 


Reaction Control 
Unit 


BOEING DOCKING MODULE (CONFIGURATION) 


STEP #1; Module Flown into vicinity of structures to be attached, 

STEP #2: Module docks with interface on one of the structures. 

STEP #3: Docking probe separates from module, dragging cable. 

STEP #4* Docking probe docks with interface on second structure. 

Telescoping section expands and module reels-in cable. 

STEP #5; Docking probe redocks with module. Structures are aligned. 

STEP #6: Telescoping section contracts to bring structures together. 

Module holds structures until they are attached. 


STEP #6; 


S.P..2~r. Five Fl'*i>:a Foehir,-} 'ledule With Cable 













the docking module makes use of its telescoping shell to increase its 
length. After the docking probe has affected docking the two structures 
are brought within close proximity to each other by reeling in the cable 
connecting the docking probe to the docking module. Both structures are 
kept from rotating by reaction control systems attached to them. After 
the docking probe has redocked with the docking module the situation looks 
like that of Step 6, with one structure on either end of the docking module. 
The docking module and reaction control systems align the structures and 
then the structures are brought into contact by the docking module (by 
shortening its length with its telescopic shell). The two structures can 
then be attached to form one structure. 

A second method of docking two large structures which also makes use 
of cables to bring the structures together is shown in Figure 5. 2. 2-3. 

Cables are strung from one structure to the other (using a free flyer). On 
the cables are self-aligning guides (cones) which, when in contact with one 
another, form a structural beam of designed length. Step 3 shows how, as 
the cables are reeled in, the self-aligning guides form beams which hold the 
structures a predetermined length apart for attachment. 

If the large structures are placed in the neighborhood of 50 meters 
from each other, they can be docked using long booms as shown in Figure 
5. 2. 2-4, The booms, attached to one structure through pivoting joints, are 
■manipulated so that machines on the other structure can grasp the ends of 
the booms and use them as shown in Step 2 to bring the structures close 
enough so that they be hard attached. One problem with this method is that 
the booms (after docking is complete) are no longer used at the site and 
must be moved if needed for another docking. One way this could be solved 
is to use the boom as part of the structural attachment. Figure 5, 2, 2-5 
shows how this could be done. Each boom consists of three equal length 
beams held together with joints and kept straight by bxeak-away joint re- 
strainers. This system uses cable handling cars as shown to build and con- 
nect the structural attachmentP as the two structures are brought together. 

Still another method of docking is the use of free flyers equipped witii 
manipulators. A method of this type (proposed by Westlnghouse) is shown in 
Figure 5, 2. 2- 6, 





STEP i'n 

Cables are strung between the 
two structures to be attached. A 
predetermined number of self-align 
iiig guides (A) , determined by the 
spacing desired, is placed on each 
cable. Cables run to motorized 
cable reels (B). 



STEP #2 

As cable reels take in cable, 
the self -aligning guides start 
forming segments of the final spac- 
ing beams . 



STEP #3 

When cables are sufficiently 
shortened the self-aligning guides 
form spacing beams which hold the 
structures the desired distance 
apart until they are attached. 


Figure S.2.S-3 Docking With Attached Cable System 




STEP #1 



Large struc- 
tures to be docked 
are within close 
proximity of each 
other. Booms are 
manipulated to span 
from one structure 
to the second. 


STEP #2 

Machines ride 
along booms to 
bring structures 
closer. 



STEP 43 

Booms hold 
structures a pre- 
determined distance 
apart until they 
are attached. 


Figure S, 2.2-4 Long Boo’n Docking Concept 













5, 2. 2. 5 Candidate Subsustetno - This section shows a number of available 
or potentially available sensor and mechanism candidates which were compiled 
from related studies. Data were also collected which related to performance 
capabilities, physical properties, and costs. Using these candidates as the 
subsystem basis, system configuration projections were generated which re- 
presented combinations of manual through autonomous control for some of the 
concepts presented in paragraph S.l.i^. The sensors group which seem to have 
the most future application are listed in Table 5, 2, 2-2. 

Table 5. 2. 2-2 Sensor HarduTare Candidates 


Subsystem 

Candidate 

Remarks 

Laser Radars 

• Ga As 

• Is in development stage, maxi- 
mum range of 46 km (25 n mi) , 
and requires corner cube re- 
■ troreflectors . 


• GO2 Cooperative 

• Provides Long Range Capability, 
Requires SRT 


• CO^ Non-Cooperative 

• Provides capability for skin 
track ranging at long ranges, 
requires SRT. 

TV 

• Silicon Vidicon 

• Being developed for Shuttle. 

RF Radars 

• Modified Apollo 
Rendezvous - Non- 
Cooperative 

• Flight Proven, Minimum S/C 
Impact 


• Modified Apollo Ren- 
dezvous - Cooperative 

• Lower Height and Power 


m Dual Mode - Non- 
Cooperative (Rendez- 
vous Radar Above Plus 
Short Range Pulse 
System) 

• Single Unit, Full Range Capa- 
bility, Minimized S/C Impact 


• Dual Mode - Coopera- 
tive 

• Lower Power and Height Than 

Above 

- - - — 


A broad overview of the docking mechanism types and the impacts due to 
operational criteria are shown in Table 5, 2, 2-3. 


The approach used in combining subsystems into a conceptual system was 
very simple in that it made maximum use of past experience and studies. 
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The specific docking mechanism which looked to have good potential 
was a central soft dock concept which has the advantage of reducing or 
eliminating contact shock loads and lightening the structure required at 
the docking or attach points. This is a relatively new concept and would 
require a thorough analysis. 

Table 5. 2, 2-3 Docking Mechanism Hardmne Candidates 


Mechanism 

System Complexity 

Spacecraft Impact 

Servicing 
Compatib . 

Spinning 
Compatib . 

Weight 

Square 

Frame 

Requires relatively 
complex structural 
support mechanisms 
integral with dock- 
ing mechanism. 

Peripheral dock- 
ing mechanism 
has potential 
for docking/ struc- 
tural support com- 
patibility. 

Somewhat 

limits 

spacecraft 

accessible 

region. 

Can be 

designed 

into 

concept . 

253 kg 
(556 lb) 

Probe 

Drogue 

Uses developed 
docking mechanism, 
requires new de- 
sign only for 
static structure. 

Central probe & 
peripheral struc- 
tural support for 
delivery/retriev- 
al must be separ- 
ate. 

Provides 
good ac- 
cess to 
spacecraft 
for serv- 
icing. 

Requires 
some de- 
velopment 
of Apollo 
Probe/ 
Drogue. 

441 kg 
(970 lb) 
(standard) 
323 kg 
(710 lb) 
(Tailored) 

Soft 

Dock 

Simple structural 
support mechanism, 
but Complex soft- 
dock mechanism. 

Eliminates dock- 
ing shock loads 
without interfer- 
ring with deliver/ 
retrieval struc- 
tural support. 

Can use 
servicing 
mechanism 
as soft- 
dock steer- 
able probe, 

Can be 

designed 

into 

concept , 

241 kg 
(531 lb) 

Hybrid 

Complexity of con- 
trolling multiple 
units , 

Combination of 
above. 

N/A 

Can be 

designed 

into 

concept . 

900 kg 
(1984 lb) 


The primary subsystem concepts considered in more detail included 
the extendable booms, capture/latch devices and steering mechanisms. In- 
formation on these candidates is presented in the following paragraphs. 



<2. Cand/tdate Extenddbte Boom Conaeyts - A variety of extendable 
boom concepts is illustrated in Figure 5, 2, 2-7, Extendable tubular booms 
are elements made of thin metal strips which are wound flat on a spool 
when stowed and form a circular tube with overlapped or interlocked edges 
when extended. Two of the most prominent manufacturers of this type ex- 
tendable boom are Astro Research Corporation of Santa Barbara, California, 
and Fairchild Industries of Germantown, Maryland. These units have been 
widely used in space for such applications as antennae and deployment of 
experiment packages, sensors and cameras. 


Description 

lllustratiOiT 

Advantages 

Disadvantages 

extendible 

Tubular 

Booms 

dsa- 

O o 

Overlap Dual Tubes 

O O 

Locked Pckje Welded Edqe 

• Fully t>veloped And Tested 

• Flight E)g)erience 

• Light Weight 

• Stowed Length Acceptable 

• Weak In Torsion And Buckling 

• Tip Deflection Limited 

• Single Deployment Speed 

• Axial Load Capability Not Predictable 

Extendible 

Contoured 

Booms 

-o oo 

Welded Locked Twin 
Elbe Edae Lobe 

• Good Binding & Torsional Strength 

• Reliable For Light Column Loads 

• Positive Control Of Deployment 

• Flight Ejgierience 

• Buckles In Transition Region 

• H^vier Than Tubular Booms 

• Deployment Cycles limited 

• Stowed Length Exceeds 1 R. 

Telescoping 

cylinder 

Booms 

© 

• Simple Parts, Structural Sh<|»e$ 

• Reliable Deployment 

• Large Column Load Capability 

• Conventional Prown Design 

<» Susceptible To Buckling 

• Binding Possible When Loaded 

• Considerable Overlap Required 

• Stowage Length Unacceptable 

Ejq>and3ble 

Linkage 

Booms 

ffl 

• High Ejgjansion Rates 

• Can Carry Service Lines 

• Good Stiffness and Bending Strength 

• Light Weight 

• Large Number Of.Parts 

• Compressible Axial Load Limited 

• stowage Length Exceeds 1 Ft. 

« Requires Extension For Probe 

Prestressed 

Element 

Booms 

^ 

M_. [ li- n 

• Strong in Btndng, Shear, Torsion 

• Very Simple, Reliable Design 

• Light Weight 

• Not Degraded By Use 

• Mon Development Work Needed 

• No Flight Eigierience 

• Relative^ Large No. Of Parts 

• Guides Reg'd For Torsional Strength 


Figure 5,2. 2-7 Extendable Boom Concepts 
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Extendable contoured booms are also made of metal strips which are 
spool-stowed, generally have larger package envelopes and offer greater 
structural strength. They have lenticular (quasi-biconvex) or twin lobe 
shapes with welded, interlocked or overlapped edges. The Viking Surface 
Sampler boom, made by Celesco, is a welded lenticular shaped boom. Astro 
Research Corporation and Boeing Company have also made this type boom 
while the interlocked edge type is made by Sanders Associates, Inc, of 
Nashua, New Hampshire and the twin lobe type by Fairchild,, These booms 
have been used where heavier tip loads are anticipated. The twin-lobe boom, 
for example, was used on Skylab to transfer film cassettes between the ATM 
and the airlock. 

Telescoping cylindrical booms have not been used extensively in space 
but were considered for this application due to their simplicity. Commer- 
cial units are built by Sanders and Trl-Ex Tower Corporation of Visalia, 
California, They consist of a series of close-fitting concentric metal 
cylinders which telescope for stowage and are extended by screw jack or 
cable with sufficient overlap remaining between sections to maintain struc- 
tural strength. Package size for the tubes and deployment mechanisms is 
a major problem for the soft docking extendable boom application. 

Expandable linkage booms consist of lazy tong linkages connected to 
frames at the linkage pivot points. Extension and retraction are accomp- 
lished by moving the first frame relative to the base while working against 
a tensioned centrally-located cable. A version of this boom, developed by 
the Martin Marietta Corporation, was successfully flown on Skylab to deploy 
the optical head of the T-027 experiment. 

Prestressed element booms consist of cylindrical segments with cen- 
trally located axial holes through which a tensioned cable is run. Cable 
tension is maintained by springs which permit the segments to be stowed on 
a spool. As the segments are extended, they form a rigid tubular structure 
by being compressed by the tensioned cable. A working model of this boom 
has been built at Martin Marietta Corporation. The General Electric Company 
and the Illinois Institute of Technology have also prepared working models 
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using this concept, Its simplicity and superior load capability make it 
attractive for soft docking application. Additional development work ap- 
pears to be warranted, 

b. Oavtuve Latah Conoeyts - The three types of capture latch mechan- 
isms shown in Figure 5, 2, 2-8 have distinct operational characteristics 
which Influence their use. The pivoting probe latch allows angular motion 
between the the two spacecraft to take place without restraint since the 
probe is permitted to pivot within the latch fingers. This feature elimin- 
ates end moments on the extendable boom but may increase axial loading if 
axial play cannot be removed. This capture latch concept is much simpler 
than the clamping type, however, and could more easily incorporate a free 
rotating probe for capture of spin-stabilized spacecraft. 


Dturlpticn 

lllusirtfian 

Adv*ntig« 

Distdwiljgis 

Pi«tln( 

Prate 

Utch 


• Slmpii Dtd9n 

• Ad«(K)lt Far S^ln Stetitte S/C 

• No End Moffltnl On toon 

• RiltJS* DIfflcul 

• liT 9 «d Du* To Prate 

Movomont 

• ConUrtd By LdtD Fingtrt 

ClHvte 

Prate 

LjIcO 


• Controls Altiludi 01 SIC 

• hlmlnilas lorrgltudnal Inifid 

• Sontor Adiv^id SnutM 

Prate CUmt 

• Urgtr Boom Bart Torguti 

• Stiltir Boon Roquirtd 

• RotMSt Dtfflojl 

Litdl 

In 

Prate 


• fliliisibla From Tug 

• StH Conttrlng 

• SimgIKIu S/C Mgn 

• Lirgtr Dtimtlar Droguo 

ftaqulrtd 

• Adds Tig Moffloht To Boom 

• Uonds 9owig* Envtiapt 


Figure 5.8.8-B Capture Latch Concepts 

The clamped probe type capture latch offers maximum control of the 
spacecraft and eliminates end play between probe and latch. Wliile a some- 
what more complex mechanism than the pivoting type latch, operational fea- 
tures are superior, When a sensor has determined that the probe on the end 
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of the steered boom has been captured by the drogue, a spring-actuated 
clamp is released which engages the conical end of the probe and forces 

it against' the inner surface of the drogue, continuing the probe and hing- 

ing the longitudinal axis of the boom perpendicular to the X-Y plane of 
the spacecraft. Engagement speed of the clamp is controlled by an integral 
damping device. Release of the clamp is accomplished by activating a sole- 
noid which retracts and latches the clamp, 

The probe may be a passive, rotating or fixed cone or may have an 
active latching capability. The concept for a latch type probe shown in 
Figure 5, 2, 2-8 employs spring-loaded pivoted fingers which will swing in- 
ward under light load to permit the probe to enter a hole in the drogue and 

expand when the probe is inside the hole to effect capture. This type latch- 

ing probe places control of latching and release on one side of the in- 
terface which minimizes spacecraft impact. 

While three separate concepts have been shown, features of each may be 
combined. We have recommended a clamping type latch with the latch in the 
probe as the most versatile system, 

a. Steering Mechanism Concepts - Steering mechanism concepts considered 
for extendable boom pointing were of two general types (Figure 5. 2, 2-9) — 
those having bearing-supported pivot points with integral motor/tachometer 
assemblies in the pivots, and those having flexure pivot points with separate 
motor drives. 

The ATM star tracker gimbal system is the integral type. This developed 
hardware has very high performance characteristics such as pointing accuracy 
of 1 arc sec,, weight capability of 500 kg, and a gimbal range of +90 de- 
grees in one direction and + 50 degrees in the other direction. This capa- 
bility is greater than that required for extendable boom pointing for a non- 
impact docking system. Even if simplified to the greatest extent possible, 
this system would be more costly than a flexure gimbal system due to the use 
of many more special parts, and more complex electro-* controls. Also, this 
system would require redesign to meet envelope requirements and to interface 
properly with the extendable boom housing and spacecraft structure. 
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Description 

Illustration 

Advantages 

Disadvantages 

Gimbil 

Steering 

Mechanism 


• Flight Er^erlence 

• Torquers In Pivots 

« Integril Position Enoodirt 

• More Complex And Costly 

• larger Envelope And Weight 

• Req'd Size Not Aveilibie 

Fkxurc 

Steering 

AAechanIsffl 


« Simple Conventional Design 

• UmHs Maximum Boom Moment 

• Minimum Weight, Site, Compleilty 

• More Development Required 

• limited Attlculdtlon Angle 

• More Power Req*d For Drive 


Figure 5,2. 2,-9 Steering Mechanism Concepts 

A system using flexural pivots to provide gimbal capability which uses 
a minimum number of simple parts has been designed by the Martin Marietta 
Corporation. Type 800 flexural pivots developed by Bendix provides the re- 
quired deflection angle and radial load capability along with selectable 
torsional spring rates. Gear motor/encoder units in the size and capability 
required for boom pointing have been developed and qualified for other space 
programs and should therefore, be available at reasonable cost. The use of 
tandem-mounted sets of pivots at each pivot location allows the boom to be 
steerable while permitting controlled boom movement due to side loads on the 
boom tip. This is a unique feature of the flexural pivot type of boom 
steering system. 

5, 2, 2. 6 Envirormentat Factors - The major environmental factors affect 
ing the docking mechanism designs are the hard vacuum and thermal impacts en 
countered over the extensive operational life requirements. The areas im- 
posing the greatest concern are the rotating bearings and bearing surfaces, 
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gears, lubricants, material out gassing, vacuum welding, etc. Considerable 
future effort Is required in material compatibility for application in long 
life components. This Is a common problem for all mechanisms exposed to 
space environments and must be resolved for Shuttle and SPS programs at the 
program level. 


6,2.2,? Interface Considerations - In general, the interfaces identi- 
fied with this unit would be similar to those required on past programs. 
Typical samples of such Interfaces are the support structures required to 
mount the mating halves onto the respective space systems. 


5. 2. 2, 8 Veretopment I tan - The future activities recommended are based 
on the results reached in this study and are summarized in the flow schematic 


shown below. Activities identified fall into three general areas — supporting 
research and technology (SRT) , simulation/demonstration testing and flight 
system development. 


SRT Activities 

• SLR System Studies 

• RF Systems 

• Soft Dock Mechanism 

• Autonomous Algorithm 


Simulation & Testing 


• Large System Docking 
Manual & Hybrid & Auto, 



Flight System Development 


■ SPS Space Tool 
• HLLV & OTV Support Ops 


The SRT area was considered the most important for planning purposes at this 
time. This was separated into two categories; maneuvering and docking strategies 
and associated subsystems. The thrust of the SRT was placed upon the components 
and performance capability associated with the subsystems. The subsystems of 
interest were further separated into two lower categories; sensors and mechanisms. 
Included with the sensors were the electronics for signal conditioning and pro- 
cessing to present a standard interface between other desired control centers. 

This approach allows evaluation on a common basis with different docking mechanisms 
and the flexibility for using these sensor systems for other alignment applications 



In the sensor area, only the TV camera has been used in space. How- 
ever, a new version of the silicon vidicon camera selected for the Shuttle 
program is recommended for the residezvous and docking system from the com- 
monality and shared development cost aspects, The scanning laser radar and 
RF units are new technology or new applications of existing technology. 

For the autonomous candidate the SLR and/or RF radar components present 
new technology that should be pursued before entering a simulation/demon- 
stration program. Although RF radar is an existing and well-known techno- 
logy, this application represents a new range of operations not fully proven. 
In conjunction with these new developments the target-mounted reflectors or 
aids represent areas in which research should be performed. Since user ac- 
ceptance of the system is enhanced by minimizing the impact on system design, 
this is a fertile area. 

In the mechanisms area, the requirements of the study dictated new de- 
signs. The mechanisms applicable to the manual, autonomous, and hybrid 
systems were much the same. The requirement not to accommodate a shirt- 
sleeved crew transfer through the docking interface reduced the weight and 
complexity of such a mechanism. Two basic designs 'should result — one for 
the small vehicle docking (single point) and one for the large system re- 
quiring more than one point of attachment, Both designs represent new tech- 
nology and require cidditional development before proceeding into ground 
simulations . 

The schedule of activities as shown in Figure 5.2,2-10 provides the long 
lead support required to define the teclinology feasible development planning, 
The SRT information developed feeds into the simulation demonstration test- 
ing activity, which provides the means for discriminating between technologies 
and selecting a preferred development approach. The recommended SRT activity 
has been planned as a function to SPS development needs. However, a projec- 
tion of Shuttle needs may reduce, by Similarity, the development required for 


sensors . 


If past trends continue « rendezvous and docking activities will be- 
come more frequent in coming years. They will be performed by launch 
vehicles, orbital transport vehicles, and a wide variety of other opera- 
tional spacecraft. The most feasible long range plan is one that will 
emphasize a universal concept built of common flight hardware based on a 
single integrated technology development plan rather than several inde- 
pendent approaches. Economic efficiency and operational reliability can 
be achieved if adequate requirements are established and a thorough deve- 
lopment process is implemented. 
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5. 2, 3 Manned Chei>ri/ Picker 


5. 2.3.1 Intpoduotion - A manned cherry picker is a vehicle which, through 
the use of articulated booms attached to structure, positions its bucket 
(which carries the operator and his equipment) as directed by the operator’s 
controls. It can be used as a platform for many tasks. Figure 5. 2. 3-1 
shows the evolution of cherry pickers as ranging from an open platform to 
a canned unit with manipulator arms. 

5. 2. 3. 3 Opepgtional Description - All previous experience with manned 
cherry pickers has been from ground based units. These, however, have been 
greatly hindered from reaching their potential dexterity by gravity (due to 
tipping moments). Figure 5. 2. 3-2 shows the operational limitations of a 
ground based, 10-meter, articulating boom type cherry picker. A cherry 
picker used in space would not be constrained by gravity and therefore 
would have a larger reach envelope. Figure 5. 2. 3-3 compares the spheroidal 
reach envelope of a ground based cherry picker to the cardioidal reach 
envelope of a cherry picker of the same size but operated in space. 

Applications of cherry pickers in SPS construction could include the 
Installation of turbogenerators and ducts in the Boeing Thermal SPS (see 
Figure 5. 2.3-4), monitoring transportation and directing installations of 
large items (e.g., switch gears on MPTS, see Figure 5. 2. 3-5), and perform- 
ing tasks to support automatic construction equipment. 

5. 2. 3. 3 Cvew Participation - As a design guideline, cherry pickers should 
accommodate one crewman during operation, but should include the capability to 
transport two crewmen for rescue procedures. In order to conform to the study 
guideline concerning EVA (paragraph 1.5e), it is assumed that cherry pickers 
will operate in pairs where required, in close proximity to each other. 

The cherry picker operator will control the movements of the bucket 
by the use of one or two "joy sticks". There are six basic movements that 
the bucket would perform: 1) revolution about the base-turntable; 2) trans- 

lation perpendicular to the base-turntable; 3) translation parallel to the 
base-turntable; 4) rotation about three axes through the bucket. 

5. 3. 3.4 Conaerpti} - If the distance from the base-turntable to the work- 
site is great, it might prove feasible to use several small cherry pickers 
attached to one gross positioning boom as shown in Figure 5. 2. 3-6. 






Figure S. 2.3-2 Operational Limitations of 10-meter Articulated Boom 
1 %pe Cherry Fiaker 
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Figure 5.2.3-S Cherry Piaker Monitoring Transportation and Installing Switch Gears 









The bucket of 'the cherry picker could evolve Into a free flyer with 
the additions of a strap-on propulsion unit and a docking interface between 
bucket and boom. 

Shown in Figure 5. 2. 3-7 is a concept in which the cherry picker is 
attached to a beam-riding vehicle. Forces and torques from the cherry 
picker booms are transferred directly to the beam under the vehicle through 
the triangular beam Integrated in the vehicle’s structure. The bucket is 
also shown having an integrated triangular beam to transfer loads. 

5. 2. 3. 5 Subsy stems - The interface between the bucket and boom should 
be designed to permit rotation of the bucket about three axes. If the bucket 
is to be removed periodically, a docking device might be employed in the 
interface. 

A power pick-off at the bucket, as shown in Figure 5. 2. 3-8, could 
support electrical tools used by the operator. 

Controls and displays will be chosen to compliment the task to be done 
and should include bucket positioning controls, attitude hold controls, 
controls for manipulator arms, TV monitors, and displays for subsystems. 

To simplify the task of controlling the cherry picker and to prevent 
possible damage to surrounding structure, the cherry picker booms and their 
connections should have collision avoidance equipment. 

Communication links will be needed between the bucket and the dispatch- 
ing station and from bucket to bucket as needed. A network must be construc- 
ted to supply the cherry picker with electrical power or, if it is self- 
supporting, the cherry picker must carry its own power. Table 5. 2. 3-1 is 
a performance summary of a manned cherry picker showing system characteris- 
tics and control characteristics. 

5. 2. 3. 6 EnoiTonmentdl Factors - Environmental factors affecting design 
of manned cherry pickers are Included in Table 5. 2.3-2, 

5. 2, 3. 7 Intevfaee Considerations - If the cherry picker is launched 
as a package, it may be necessary to package it in sections that can be 
easily assembled on orbit. The bucket of the cherry picker and the motorized 
joints and turntable are compact units and should present no large stowing 
problems. The booms, however, with their small package density, cannot be 
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Figure 5.2. S~? 


Method of Ti'>a7:sf erring Loads 







SIDE VIEW 



Figure 5. 2. S-8 Cherry Picker Bucke 


TOP VIEW 










Table 5. 2. 3-1 Manned Cherry Fioker Performcmoe 


• System Characteristics 

• Support 8-hour Work Task 

- Power for Locomotion, Tools, and Instruments 

- Life Support for 12 Hours 

• Noncontaminating 

• Interface with Dispatching Station 

• Weight ~800 Pounds (Bucket) 

• Length 

- 135 meters (typ for Boeing Thermal Cavity) 

- 75 meters (typ for MPTS) 

• Control 

• Rotational, Revolutional , and Translational Hand Controllers in 
Bucket to Input Maneuvering Commands 

• Six Degree of Freedom Control Authority Provided 

• Translation 

- 2-axis Acceleration Command 

ft/sec maximum aV 
ft/sec minimum aV 

t Rotation 

- 3-axis Acceleration Command 

- 8“/sec2 Angular Acceleration 

- 0.5°/sec Minimum A Rate 

• Revolution 

- 1-axis Acceleration Command 

- 8“/sec2 Angular Acceleration 

- O.SVsec Minimum A Rate 

• Automatic/Manual Attitude Hold 

- Automatic Drive Motor Locks 

- Manual Grapplings on Bucket 







TdbZe S. 2. 3-2 Factors Aff eating Design of Manned Cherry Picker 

t 

Number of crewmen supported 

• 

Work duration 

• 

Metabolic work load 

• 

Thermal loads 

• 

Environmental factors 
• Radiation 
f Micrometeoroid 
t Thermal 
■ Occular 

• 

Equipment 

• Stowage/Interfaces 

• Tools/Aids Required 

• 

Communications 

• 

Controls and Displays 

t 

Required Mobility/Dexterity 

§ 

Required Visibility 
t Lighting 

t Rear Viewing Devices 

• Mirrors 

• View Ports 

• 

Interfaces 

• Cherry Picker to Worksite 

• Cherry Picker to Dispatching Station 

• 

Food, Water, Waste Management 


efficiently launched. Becuase of this, it may be necessary to fabricate 
the booms in orbit using one of the proposed beam builders and assemble the 
cherry picker using the manipulators of the beam builder. 


5. 2.3, 5 BeveZopment 'BZan - The future activities recommended in this area 
of technology are shown in Figure 5. 2.3-9. The supporting research and tech- 
nology areas identified are man/machine interactions with small dexterious 
manipulators; definition of the crew housing or cab portion of the cherry picker 



which best meets tasks feasibility and SPS program compatibility; and radiation 
impacts on cab shielding and crew safety. The cab should be developed as a 
common hardware item since it has many applications with the same general re- 
quirements as other OCSE items which are required later in the development 
schedule. The task applications and radiation impacts are presently being 
worked under ECWS contract which is scheduled for completion in mld-1978. Some 
of the specific subsystems which require simulations/demonstrations includes crew 
transfer, cab /manipulator interface and operator/controls and displays compati- 
bility. System development has been moved up to raid-1984 to be available for SPS 
Pilot Plant demonstrations based on thf rationale that the 1985 configuration is 
projected to be the same for the 1995 era. 
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Figure 5.2,3-S Cherry Picker Development Schedule 



5.2, 4 Central Hub AssemhZy/DepZoijtnent (CHAD) Module 

5. 2. 4.1 Introduation - CHAD modules are facilities which contain the equip- 
ment (CE or OC.^E) to fabricate and/or assemble the first section of SPS structure 
or SPS support structure in orbit. This initial construction can be part of the 
base facility (e.g. , truss type SPS construction base), or part of the SPS itself 
(e.g., column/ cable control hub; MPTS first concentric ring). It should be noted 
that the term CHAD module as used in this report implies more than a central dock- 
ing facility to which other modules attach. As applied here, the term CHAD module 
implies an Inherent fabrication/ assembly capability. In its most basic form, it is 
similar in concept to the fabrication/assembly module as advanced by MDAC in an 
earlier study; however, more complex concepts of the CHAD module are also presented 
here. 

5. 2.4.2 Operational Disaussion - For the purposes of this discussion, it is 
assumed that the CHAD module itself requires no assembly on orbit (although it may 
deploy equipment during the course of its activity) and can be launched as a single 
unit. Once in orbit the CHAD module fabricates beams and assembles them to achieve 
the required geometry. The CHAD module can be configured to fabricate beams and 
hold them until they are used by a manipulator system to build the desired shape 
(see Figure 5. 2. 4-1). or the manipulator system can work with the beam fabricators 
to build a deployable structure (see Section 5. 2. 4. 4). 

Examples of the potential applicability of CHAD modules are the construction 
of a cube (100 meters on a side) for ciie central hub of the column/ cable SPS, the 
construction of a triangular wedge (*^650 meters on a side) as part of the construc- 
tion base of the truss type SPS, the construction of the extension structure for 
the MPTS, and the construction of the support arms and main substructure of the MPTS. 

5. 2. 4. 3 Crew Partiaipation - Because the CHAD module is considered to be a 
compact unit which builds the very first section of the SPS structure, crew par- 
ticipation would be minimal. 

5. 2. 4. 4 Concepts - The CHAD module concept whose functions are most basic is 
represented in Figure 5. 2. 4-1. This core module (proposed by McDonnell Douglas) 
fabricates the beams and holds them until they are used by a manipulator system 

to form the desired shape. 









Fi-guve 5. 2, d~2 LAD Module 
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A CHAD module concept which builds and deploys three dimensional structures 
is the linear assembler/deployer (LAD) module (represented in Figure 5. 2, 4-2). 

This module is designed to fabricate and deploy a basic structure of designated 
geometry and dimensions (e.g., cube, triangular wedge). Each such module would 
be capable of constructing only one structure of a given type, and would have to 
be reconfigured to duplicate the structure at another location. Figure 5. 2. 4-3 
shows the sequence of steps required to construct a cube structure. Figure 5. 2. 4-4 
shows this sequence, giving more detail to the actual mechanics of such an operation. 
As the figures indicate, the CHAD module in this concept is actually composed of 
two identical halves which draw apart from each other as the beam members are fabri- 
cated. Actual deployment of the structure is accomplished by the reeling in of 
(active) cables by each module. Passive cables attached to the structure unreel as 
the deployment continues but, because of their finite length, stop the deployment 
when the desired shape is reached. 

Another CHAD module concept which might be a unique OCSE system is the sequen- 
tial traveling, assembler/deployer (STAD) module (shown in Figure 5. 2. 4-5). This 
module is designed to construct various structural elements of the SPS (i.e., 
extension structure, support arms and main substructure of the MPTS) . 

The STAD begins by constructing the extension structure in the method repre- 
sented in Figure 5. 2. 4-6, moving outward as it does. Thf’ee of its six beam fabri- 
cators build the main extension structure beams, and the other three fabricate the 
cross members. Manipulators within the STAD assist in orienting the cross members 
and in fastening the beam ends at the joint. Support cables are also strung as 
part of the automatic assembly procedure. Once the extension structure is com- 
pleted, the STAD module is moved from the end of the structure to a position on 
the surface of the structure, where it can proceed with construction of the first 
concentric ring and support arms. Figure 5. 2. 4-7 depicts the sequence of steps by 
which assembly of the concentric ring radial members is accomplished. Further con- 
struction steps are required to assemble the support arm structure underneath the 
first concentric ring, and to attach the entire assembly to the joint. Once these 
steps have been completed, the STAD module continues to fabricate MPTS frames for 
assembly into the second, third, and fourth concentric rings. 

5.2.4. 5 Stib systems - Subsystems on the CHAD module of Figure 5. 2. 4-1 in- 
clude a single-beam fabricator, triangular beam construction equipment, two beam 
manipulators, and triangular beam holding equipment. 
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>ve STEP #3 CHAD modules having STEP #4 Six beams are attached 

i 3 completed first six 100 meter as shown. Coincides with Steps 

beams. Coincides with Step #2 #3, 4 & 5 of Figure 5. 2, 4-4. 

of Figure 5. 2, 4-4. 



STEP 46 New beams are joined as shown. Coincides with Step #8 of 
Figure 5. 2.4-4. 


■ STEP 47 CHAD modules reel in activ 
cables to form cube. Coincides 
with Step #9 of Figure 5. 2.4-4. 

> 

STEP ^-8 CHAD modules shown here 
having completed cube. Modules are 
free for other jobs after making 
cube self-supporting. Coincides 
with Step #10 of Figure 5. 2. 4-4. 









NOTE; For 
clarity, only 
2 of 3 beams 
& 2 of 3 
cables are 
shown at each 
CHAD module. 



Each CHAD 
module per- 
forms identi- 
cal step; 
only one side 
shown 


STEP #1 , Two CHAD modules face to face. 
Each CHAD module Is attached to the 
three beams being fabricated by the 
other CHAD module. Each CHAD module 
Is attached to three cables reeled out 
from the other CHAD module. 


STEP //2 . As CHAD modules fabricate beams 
each moves away from the other. Shown 
Is one CHAD module after fabricating 
three beams the length of one edge of 
the cube that Is being made. The joint 
ends have been fastened to these beams. 





STEP //5 . Each joint made In Step //3 
Is fastened to one of the three new 
beams being fabricated by the CHAD 
module . 


STEP if 6 . Each CHAD module continues to 
fabricate three beams and continues to 
move away from each other. Each CHAD 
module continues to reel~out three 
cables . 





STEP fi9 . Each CHAD module reels in its 
three active cables less the length of 
one diagonal of the cube being made. 

As the cables are reeled in, the cube 
forms. 



Figure S. 2,4-4 Cube Conetruotion Details 
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® STEP if7 , Each CHAD module fabricates 

o Its three new beams the length of one 

) edge of the cube being made. Joint 

ends are fastened to each beam. 



STEP #4 . The joints made in Step #3 are 
released from the CHAD modules and are 
connected to each other with 3 reels of 
passive cable. The CHAD module attaches 
each of the 3 cables from the other CHAD 



STEP ifS , Each CHAD module fastens its 
three beams to a three member joint 
with Its manipulators. 



STEP tflO . After having made the cube 
each CHAD module fastens Its three 
cables to the three-member joints 
making the cube self-supporting. The 
CHAD modules now are free to help with 
other construction. 





















Sequenclal TravelinR Assembler/Peployer Module in Concentric Ring Mode 

STEP #1 First six 130-meter beams constructurcd (4 shown). 140 meter 
cables (dotted lines) attached from beam ends to 50 meter extensions. 

STEP #2 As 60-m.eter beams are fabricated, cables direct 130-meter beams 
as shown. 140 meter cables attached to 60-meter beams. 

STEP #3 As 130-meter beams are fabricated, cables direct 60-meter and 
first six 130-meter beams as shown. 140 meter cables attached as shown. 

SIFP #4 One beam-builder moves to center position to construct central 
hub. 140 meter cables attached as shown. 

STEP #5 First six 130-meter beams are reeled-in with cables. Cables 
from opposite corners are connected to each other. 

STEP #6 All cables are tightened to form concentric ring as shown. 

Figure 5. 2. 4-7 STAD Module Constructing 1st Concentrio Ring 
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Subsystems on the LAD module are more complex. The triangular beams 
are fabricated as complete units by beam fabricators. Fifteen meter long 
manipulators mounted on a turret make all the beam and cable connections. 

Gable deployment and drive mechanisms horde the cable support and deployment 
procedures. The joints connecting the triangular beams must be capable of 
rotation about several axes during the deployment phase and then must lock 
in the final position once the desired structure shape is achieved. 

Figure 5. 2.4-8 shows the required rotations for the applicable joint loca- 
tions in the final structure. 

The subsystems on the STAD module are the most complex of the subsystems 
of the three concepts. Besides having triangular beam builders and 15-meter 
dual manipulators as in the LAD module, it also have six small cable handling 
cars, riding on tracks around the circumference of the module which string 
support cables between beams (for extension structure cross struts). These 
cars also ride tracks on the six 50-meter extension arms radiating from the 
module. These extensions are utilized during assembly of the MPTS concentric 
ring radial members. A support structure extends longitudinally (the long 
axis of the STAD) from each main beam fabricator outside the module to sup- 
port the STAD and drive it back along the completed structure. Similar 
supports are used along each cross brace beam fabricator axis; a drive system 
mounted at the end of each support allows the cross trusses to be rotated 
through 90° for attachment between the main beams of the extension structure. 
Finally, during construction of the radial members of the first concentric 
ring, one of the main beam builders moves to the center position in the mod- 
ule to fabricate the central hub beeim. 

S.2.4.S Environment Faatovs - Because the CHAD module will be a self- 
supporting unit, it will have to be designed so as to protect its construction 
equipment against damage by space exposure. 

5. 2. 4. 7 Inter face Considerations - It is assumed that the CHAD module 
requires no assembly on orbit. It is further assumed that the CHAD module 
is of a size (20-meter diameter x 30-meter length, maximum) and mass that 
can be launched as a unit by a heavy lift launch vehicle (HLLV). The CHAD 
module can be conceptualized either to remain in place as an inherent part 
of the structure once its fabrication/assembly task is complete, or it can be 
removed to a new construction site to repeat the procedure. 
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S.2.4.8 DeveZo'pfnent Plan - The development of the control hub assembly de- 
ployment module is closely related to the SPS development plan. Present planning 
indicates that the CHAD will be developed in steps, starting with the assembly of 
structural elements, assembly and integration of subscale systems, and assembly 
and integration of an interim sized SPS. The primary drivers in the development 
plan are the launch vehicles such as Shuttle, OTV, and HLLV, and the early plans 
for large space structures such as the Pilot Plants for SPS demonstrations, con- 
struction base demonstrations. Teleoperator Space Spider demonstration, etc. 

The development 'and implementation of the CHAD must be responsive to all planned 
large space structures programs in a cost effective manner, not piecemeal by 
individual program contractors. The planning approach used here assumed a CHAD 
evolution of three basic generations prior to commitment to the 1995 CHAD con- 
figuration. The future activities recommended to start this effort are shown in 
Figure 5. 2. 4-9. 
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6.2.5 Fixed Base Long Boom 


5,2, 6.1 ±ntToduation - A fixed-base long boom Is defined as a general 
purpose handler having up to four degrees of freedom. It provides a means 
for transport of material and/or crew from one point to another. 


5. 2. 5. 2 Opevationdl Desaription 

5.2, 5,2,1 Geneval - The fixed-base boom has more limited flexibility 
and dexterity than the general-purpose manipulator systems , but is generally 
considerably longer and covers a far greater working envelope. It provides 
rapid material transfer with a minimum of control complexity. 

Long-boom types include: 1) fixed in place which provides straight 

line (or curvilinear) transfer; 2) pivoted at one end which provides planar/ 
surface coverage; and 3) pivoted at both ends and incorporating a release 
mechanism which provides mobility and enables broad coverage without requiring 
excessively long booms . 


5, 2. 5. 2. 2 Appliaations - The long boom transporter has numerous appli- 
cations in support of SPS construction. One primary application-dependent 
boom parameter is the length as shown in Table 5. 2. 5-1. 


Table 5. 2. 5-1 Long Boom Length Requivements 


APPLICATION 

Column Cable Facility Support 
Jig Construction 
MPTS Construction 

Truss Construction Facility Support 
Boeing Thermal Facet Supply 


LENGTH 
100 - 200 m 
150 - 200 m 
500 m 
650 m 

Up to 2 km 


The application requiring one of the longest booms is providing trans- 
fer and installation support for the secondary structure and thermal facets 
of the Boeing thermal SPS as illustrated in Figure 5. 2.5-1. However, it 
should be noted that the transfer might occur across several shorter booms 
in series, or by providing additional supply points on the primary structure. 



Pop-Out 

Secondary 

Structure 


Figure 5. 2,5-1 Thermal SPS Long Boom Applications 

With respect to the MPTS construction scenario, many potential applies 
tions for the fixed boom were identified. This concept is shown in Figure 
5. 2. 5-2 with the typical construction functions supported by the long boom. 

5.2. S-Z Crew Participation - A long boom system requires, in general, 
two distinct types of crew invol'vement. The first type is one in which the 
crew is located at or near the worksite. In this case, direct vision is 
possible while the crew performs manipulative type operations. 

The second type of crew involvement is where the crew is located at 
the central hub providing material resupply to the long boom. Some direct 
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Mafurbii 1- Booms can be built up in 

moduiar fashion as con- 
struction radius progresses. 

2. Each application may require 
a dedic^ed mechanism travel- 
ling along the boom. 

Optional "Prepared" 

Hard Points 
One or More 
Long Booms 
(Up to 500 m) 

entrai Hub with Docking Adapter 
Frame Handling Fixture 

- Holds basic 65x130 m frames prior to attaching one to another. 

Cable Installed Mechanism 

- installs cables between hub and MPTS concentric rings. 

Secondary Structure Installer 

- Use two booms to "pull-apart" the secondary structure (*130 m triangles). 

Subarray Transporter 

- Feed/supply MPTS subarrays to the automated subarray installer. 

Figure 5.2. 5-2 Fixed Base Boom Applications to MPTS 

vision of task activity would be available in the vicinity of the central 
hub but; for material transfer along the boom, some type of supervisory 
control would be implemented. 

5,2. 5.4 Concepts - Several concepts for the long boom were identified. 
The first, shown in Figure 5.2. 5-3, provides supplies and support to auto- 
mated construction equipment. As depicted, one or more crew stations, pro- 
viding manipulative and handling capabilities, would be used to resupply the 
automated solar concentrator rolls to the concentrator installer. The key 
feature in this concept is the crew station, the manipulator system, and 
the material travel as a single unit. 







•Similar to Cherry Picker but with Linear Travel 
•Supplies One Concentrator Roll a: Every Hour 

Figure 5. 2. 5-3 Fixed Base Boom - IntegraZ Crew Station/Manipulator 

A second concept providing more operational flexibility is illustrated 
in Figure 5. 2. 5-4. This concept incorporates independent transfer mech- 
anisms for the crew station, the manipulative system, and the material. 

This concept enables the manipulator operator, in the crew station at the 
work site, to perform construction support tasks while a second operator, 
located at the supply base, would perform the functions as required for the 
material resupply. 

In addition to enclosed crew station transfer, the long boom would 
also be used in support of crew transfer in an EVA mode, as shown in Figure 
5. 2. 5-5. 

Another concept or option for the boom is Illustrated in Figure 5. 2. 5-6. 
This boom has pivoting capabilities at each end which enables the boom to 
move about on the structure. For example, when the boom pivots about end A, 










Pivot Point Separation Variable to Accommodate Hard Points 


If Hard Points Are Rails^ Boom Becomes Travelling Truss 


Structural 
Hard Point 
Inlerfece 


Initial 

Coverage 


Subsequent 

Coverage 


Figure 6. 2.5-6 Mobile Boom Concept 


a given circular area is covered as deonted by "Initial coverage" in the 
figure. When end B is affixed to the structure at point B' and end A is re- 
leased, the boom is now pivoted about point B' and the additional area de- 
noted by "subsequent coverage" can be reached. In general, the pivot points 
(or boom/ structure attachment mechanism) separation distance would be variable 
to accommodate the structural hard point interfaces which are not necessarily 
separated by identical distances. The similarity between this mobile boom 
concept and the mobile manipulator system shown in Section 5.2.1 is apparent. 


It should be noted that rails might be incorporated in lieu of the 
hard points to provide continuous mobility. In this case, the mobile boom 
essentially evolves into a traveling truss configuration which has been 
proposed for application as construction equipment. One such example is 
shown in Figure 5. 2. 5-7 which is a Boeing approach for the installation of 
reflector and solar array surface on the truss type SPS. 




1 


1 " 


a: 



OperaUonal Configuration 


Figuie S.2.S-7 Boeing Truss Type Installation Concept 

6.2. 5. S Subside terns 

a. Boom Structure - The length of the boom Is governed by the work 
area to be covered or the transport distance Involved and may range up to 

2 km; more typically, boom length Is 100-500 m. The length theoretically 
has no limit If the boom Is assembled on-orblt. However, as the length Increases, 
additional requirements exist for support legs along Its length (at Interface 
hard points) to react the loads Induced by the manipulator on the boom. 

b. Long Boom Drive - Some long boom mobility drive techniques are 

Illustrated in Figure 5. 2. 5-8. Technique (a) Incorporates torque capability 
at the pivot point while In technique (b) , the pivot has no active drive 
but uses the manipulative system on the boom to provide mobility. In the 
third case, the boom Is attached to rails and the drive Is continuous. This 
method Is similar to the structural attached drive systems discussed In 
Section 5. 2. 5. 8: Personnel/Materlal Transporter, Structure Attached. 




Figure 5. 2. 5-8 Long Boom Drive Techniques 

c. Viewing and Control - For manipulative handling/ Installation direct 
viewing will be the primary mode of operational control with TV viewing 
a secondary mode. However, Independent material transport phases will be 
controlled from the supply base via Indirect viewing and possibly In a 
supervisory type control mode. 


d. Power and Communications - The power and communication systems will 
be Interfaced with the construction facility via hardwire at the structural 
hard points. 

5.2, 5,6 Environmental Faators - The major environmental factors affect- 
ing the long boom design are the hard vacuum and thermal Impacts encountered 
over the extensive operational life requirements. The areas of greatest con- 
cern are the boom mobility and transport drive mechanisms. 


5.2.5. ? Interface Considerations 

5.2.5. ?. 1 Launch Vehicle - The long boom will be compatible with the 
launch vehicle as on-orblt assembly (or fabrication) Is baselined. 
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5. 2. 5. 7. 2 Conatruation Fadlitu - The long boom requires structural 
Interfaces with the construction facility. The loads anticipated and the 
structural stlffm ss required must be defined. 

5.2.5. 8 Trade Studies ~ The long boom transport system requires trade 
studies in the following areas: 

a. Establish most feasible structural configuration — size and length 
based on specific applications; 

b. Determine operational loads, both longitudinal and radial; 

c. Establish number of, or distance between. Interim supports as a 
function of boom loads/lengths; 

d. Analyze on-orblt assembly and disassembly; self-building vs segmented 
techniques; 

e. Investigate transport drive and guide systems; baseline required 
timelines to bound transport rates. 


5. 2, 5, 9 Development Plan - The future activities recommended as a result 
of the study and the restrictions assumed at this time have been summarized 
and shown in Figure 5. 2. 5-9. In general the long fixed base rotating boom 
has been Identified as a necessary piece of OCSE in a number of the orbital 
construction tasks developed. The advantages identified warrent the consid- 
eration for development as operational OCSE in the 1995 time period. However, 
a review of the early large space structures demonstrations planned to date 
do not show an operational application. Therefore, early development is not 
as pressing, but an SRT effort should be started to take advantage of technolo- 
gies being developed for Shuttle and SPS manipulators. 
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Figure 5.3. 5-9 Fixed Base Long Boom Development Schedule 
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5.2.6 Maintenanoe Reyair Module 


5. 2. 6.1 Iniroduotion - Solar Power Satellites planning to date has 
centered around the investigation of various designs, construction techni- 
ques, and operating methodologies to acliieve low-cost solar power. Although 
many items contribute to cost effective program planning, the maintenance 
and/or repair question, with its many variables, embraces a majority of the 
design, operation and cost questions that must still be resolved before the 
full potential of the SPS can be achieved. 

Considerable work has already been done relative to orbital maintenance 
for Shuttle experiment programs. A large number of maintenance studies have 
been performed for both NASA and DOD' over the past few years. Many technology 
areas considered and resulting data from these studies seem relevant to the 
SPS maintenance question. One area of considerable importance was the empha- 
sis that the later studies placed on grouping of alternative concepts on a 
common basis for economic comparison. The groupings or categories most often 
Identified for comparison were expendable, ground-refurbishable, and on-orbit 
maintainable. All of the studies reviewed indicated the on-orbit maintainable 
mode to be the most cost effective when program ground rules identified such 
requirements as long life, large fleet sizes, low risk, etc. Nith this data 
as supporting rationale on-orbit maintenance was assumed for this study. It 
was also justified on the bases that it had the shortest time impact on construc- 
tion scenarios in case of failures or contingency operations. 

The level to which maintenance should be performed on-orbit was the next 
most pressing question. In general, it can range from a simple module remove/ 
replace to the complete repair and checkout of the nonfunctioning module. IThile 
determining the level of equipment maintenance ^ras not part of this study, the 
indication that maintenance would be required and that a maintenance facility 
would be feasible was made clear. Based on this line of reasoning, a mainten- 
ance/repair module (MRM) was assumed to be needed in support of the SPS con- 
struction and operation and as such could be considered as orbital construction 
support equipment (OCSE) . 

5. 2. 8. 2 Functional Discussion - The maintenance/repair module OdRM) as 
envisioned is a centralized facility dedicated to performing scheduled servic- 
ing, scheduled and unscheduled maintenance, and component replacement tasks 
upon all OCSE. Maintenance upon construction equipment CCE) subsystems would 
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also be performed as required. The facility would have as its primary func- 
tion the task of keeping all OCSE vehicles in operating condition, failed 
components or subsystems would be removed and replaced so that the vehicle 
could be returned to service as quickly as possible, A secondary function 
of the MEM would be the inspection, failure analysis and possible repair and 
checkout of failed components, Tliis would include small equipment capable of 
performing task such as clamping, drilling, welding, and possibly even some 
lathe operations, 

S.B.6.2.1 Geneval - In general, the MEM will provide a centralized fac- 
ility for the repair and maintenance function'^ such as battery recharging, sub- 
systems module replacement, component repair Con "time available" basis), sched- 
uled/unscheduled servicing of vehicles. The facility would have an open hanger 
(unpressurized) section, docking ports, and a pressurized work (bench) area. 
Operations would be monitored/controlled from a pressurized control/display 
module within the facility. 

5.2.6.2,S Guidelines and Assumptions - Within the limitations of the 
study and based on related ongoing studies, the following guidelines and assump- 
tions are presented: 

a. The MRM has been assumed here to house all maintenance/ servicing 
systems and, as a result, is the logical place at which shift changes will oc- 
cur. 

h. If small, independent servicing stations are required at scattered 
locations, these units will be of unique (to the construction base philoso- 
phy) design. 

e. Intravehicular Activities (IVA) capabilities will be provided in a 
general shop configuration format, 

d. IVA for this study will be defined as those activities which take 
place within pressurized areas of habitable facilities. 

(3, All life support provisions will be provided by the crew habitabil- 
ity facility. 

f. The MEM will have its o\m contingency and emergency pressurization 
system. 

g. It was assumed that the MEM would be located near the EVA module 
to utilize the EV.A. capability in the unpressurized repair bay. 
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5.2.8. 2.3 Ax>vliaations - The specific module configuration concept 
presented here seems to have application to other SPS requirements, for 
example, this module could he used as a general facility to all equipment 
used on SPS construction; a space station/ construction Base logistics faci- 
lity might include this type of module for maintenance/repair of CE, OGSE, 
orbit transfer veliicles, etc. The unit could also be used as either a 
fixed base vehicle or a free flying vehicle to perform maintenance and re- 
pair during SPS operation. In addition this module could be used in conjunc-' 
tion with a fabrication facility where there might be a sharing of unique 
equipment . 

5.2.6. 2.4 Trade Studies - Many areas related to the potential design 
of a maintenance/repair module for OGSE require more detailed investigation. 

The actual complement of vehicles and equipment (both number and function) 
to be utilized in construction and construction support will determine the 
overall size of the MRM. The optimum method of moving the vehicles within 
the MRM must minimise delays due to traffic and provide for efficient space 
utilization. The designs of the hoists, cranes or gantries must be further 
defined in functional terms so that operating techniques can be established. 

The actual level of maintenance to be performed in the MRM (assumed in this 
discussion to be only dovm to the component replacement level) should be 
identified so that work flows and commodity resupply schedules can be esti- 
mated. The control and monitoring system could be based on the system utilized 
in the beam builders but would be more sophisticated due to the use of mani- 
pulators and other general purpose handlers in the MM, and to the probability 
of simultaneous operation of several unrelated maintenance subsystems. 

5. 2. 6. 3 Crew Participation - The MM as envisioned would play a major 
role in the area of crew participation, ^Due to the required interaction be- 
tween man and macliine in performing maintenance tasks the human factors con- 
siderations will be very critical in the interim design of the MM. Man/ 
machine compatibility in the design and location of equipment, restraints, 
controls, displays, lighting and workspace must be optimum if the MRM crew is 
to effectively accomplish the maintenance objectives. 
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5,2. 6. 4 Conaevts - Different MRM configurations were proposed which 
varied widely as far as structure size, functional tasks, shift size, inters 
nal pressure, etc. A review of these configurations matched with some of the 
more reasonable support requirements identified in part I resulted in the 
selection for further development of the concept shown in figure 5. 2, 6-1, 

Some of the major options identified were such questions as; should the MEM 
be attached to the cluster or have free flight capability, should it operate in 
in LEO or LEO and GEO and should it be sized to perform maintenance on small 
transport vehicles or also OTVS. Many of these types of questions cannot be 
resolved at this time, however, assumptions were made wMch resulted in propos- 
ing a feasible concept defined in the following paragraph, capable of identifying 
potentially soft technology areas that may be encountered. 

Three major classes of OCSE would be maintained by the proposed facility. 

All surface transport vehicles, OCSE fr ee'^f Iyer s, and EVA modules (e.g,, ECWSs) 
would be accommodated by the systems provided in the maintenance/repair module. 

In addition, servicing and repair of orbital transfer veliicles (OTVs) could be 
accomplished in the MRM, and component replacement of CE subsystems could be 
performed. 

The MEM would contain three main work areas, each of which is dedicated to 
a particular type of maintenance task. An unpressurized "garage" section would 
perform day-to-day Cor shift- to-shift) servicing such as refueling/recharging, 
and effector changeout, and checkout of major subsystems. Parking places for 
vehicles (surface transporters and free flyers) would be provided where servic- 
ing could be accomplished using remotely controlled urabilicals, connectors and 
manipulators. 

A second unpressurized bay is provided for scheduled and unscheduled main- 
tenance. Failed components/subsystems would be removed using remotely con- 
trolled manipulators, and replacement parts would be installed. The vehicle 
would then either return to the work site or be moved to the garage bay for nor- 
mal servicing. Vehicle changeout, such as converting a personnel surface 
transporter into a cargo transporter, would also be accomplished in this repair 
bay (see Figure 5. 2, 6-2), All MRM operations would be coordinated from the 
third main work area, which would contain a pressurized control room. Equipment 
such as cranes, gantries (for transporting vehicles within the MRM), manipula- 
tors and service panels would be operated and monitored from this control room. 
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Figure i.2.6-1 Mainlenance/Repair Module Conaept 











Additional pressurized sections adjacent to the control area would con- 
tain work shops and benches C^onnected to the open Bays via airlocks), for 
hands-on component repair. Although it is anticipated that -most failed com- 
ponents would either Be retxirned to a separate facility Cperhaps the manu- 
facturing facility in LEO) for repair or simply discarded (materials could 
be reclaimed for recycling in the MF) , some repair work could be accomplished 
in the MRM, An inventory of failed components would Be maintained, and per- 
sonnel could attempt repairs on a "time available" or schedule need basis. 

Also included in the MEM would be the equivalent of a tow truck, which 
would retrieve immobilized transporters or major subsystems from the construc- 
tion site and return them to the MRM for repair. This tow truck would be a 
surface transport vehicle reconfigured as required, and could also be used to 
transport replacement components for on-site maintenance activities. Only those 
maintenance jobs which cannot be completed at the construction site in a reason- 
able amount of time will be done in the MEM, 

5,8.6. 5 Subsustems - TBD 

5. 2. 6.6 Environmental Egotovs - The major environmental factor effecting 
the MRM design is radiation impacts. While there is very little problem with 
radiation in LEO, operation in GEO could present a majo- problem. An ongoing 
KASA study ■ — ECWS, NAS9-15290, is looking into this problem area. Data from 
this study and from other related studies should be available for future design 
considerations . 

5.2.6.? Interface Considerations - In general, the interfaces identified 
with this vehicle would be similar to those required for other modules which 
make up the construction base cluster. Typical samples of projected interfaces 
are as follows; 

MRM/Habitability Facility 
MRM/Logistics Facility 
MRM/Transport Vehicles 
MRM/Commodity Resupply Module 
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S. 2.6 .8 Developmsni Plan - The future activities recommended as a 
result of the conclusions reached in this preliminary evaluation are sum-' 
marized below and on Figure 5, 2, 6-3, The first study which should be con- 
ducted because of its potential impact upon the construction scenario and 
the construction base is the actual level of maintenance to be performed 
in the MRM, The type of study required would be a combined technical, crew 
productivity and economic effectiveness analysis. 

Feasibility of this concept could impose a human factor impact upon 
access requirements for both the EVA and IVA remove and repair mode on 
OGSE and CE components. 
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5,2.7 Commodities Storage 

5.2.7.1 Introduction - The concept of reuseable orbital spacecraft 
Introduces many new requirements for designers of systems and supporting 
equipment. The traffic routes are many and diverse for moving men, material, 
components, equipment, large assramblies, and facilities during the construc'- 
tion process. Consequently, there is a definite need for providing supply 
depots, refueling stations, etc. Because of the materials or fuel types, the 
locations and procedures used to provide this storage and supply function 

must be accomplished with minimum risk to personnel and equipment involved. Also, 
evaluation of different options in terms of time, complexity, lighting, safety, 
cost, etc, need be considered, 

5. 2. 7 . 2 Functional Discussion - The commodities storage facility CCSF) 
as required will provide a storage capability for commodities such as fuel, 
water, propellant, coolant, gasses, nuclear materials, etc, necessary to oper- 
ate many of the different transport vehicles. The unit envisioned to provide 
this is a centralized facility which serves as the supply depot for the OCSE, 
Although the eventual SPS construction philosophy may dictate the use of a 
large warehouse for all SPS commodities or the use of smaller distributed ware- 
houses of specific nature, this discussion is limitad to the storage and supply 
requirements Inherent to the OCSE, It is recognized that the CSF described 
here may well be incorporated (functionally or physically) into a larger SPS 
logistics facility. 

5. 2.7. 2.1 General - In general, the CSF will provide a single facility 
located away from or attached to the basic SPS construction base cluster. 

Some of the past studies which could be helpful in this area include; Develop- 
ment of Space Maintenance Concepts for the Reuseable Nuclear Shuttle, NAS8- 
27297, April 1972; Transfer of Fluid Between Space Vehicles; and 
Resupply/Repair of Solid or Hybrid Attitude Propulsion, NAS8-29196. 

This is one effort in which very little work could be done at this time 
since configurations are highly dependent on SPS progr 2 UD groundrules. However, 
some concepts were looked at as shown in the following paragraphs. 


V-79 


S. 2,7 .2.2 Guidstines and Asswnptj.ons - Within the limitations of the 
study and based on related studies the following guidelines and assumptions 
are presented; 

a. The CSF has been assumed here to house all maintenance, storage and 
transfer servicing systems required in support of all potentially dangerous 
resupply commodities, 

b. If small, independent commodity storage and supply stations are re- 
quired at scattered locations, these units will be of unique (to the construc- 
tion base philosophy) design, 

e. The CSF will also house spare parts, subsystem replacement modules and 
other materials required in support of the Maintenance /Repair Module for OCSE. 

d. Activities in and requirements of the CSF will be coordinated with (or 
assimilated into) equivalent SPS support facilities. 

e« Accommodation limits within the CSF will be determined by the overall SPS 
and OCSE construction and maintenance philosophy. 
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5. 2. 7. 2. 3 App li.cat'Lon ~ The prime objective of the commodities storage 
facility is the storage and transfer of fuel and fuel tanks required by or- 
bital transport vehicles. As such the associated requirements are considered 
to be rather dedicated in nature. The requirement for crew safety is one 
of the most limiting design parameters. This has a great impact on location 
and the role of crew participation. From all initial indications the com- 
modities-storage facility would be a dedicsited facility for fluids and 
hardware which have a personnel safety implication. However, this shouldn't 
limit the potential of making use of spare areas available on the CSF for such 
items as batteries, spare parts, tool kits, replacement end effectors, 
subsystem modules (communications, GN&C, thruster pads, etc), etc. This 
facility could also serve as a storage area for idle OCSE vehicles or 
equipment . 

Some of the potential areas significant to the design of the CSF which 
should be studied in more detail include optimization of storage arrangement, 
supply retrieval techniques and inventory control. The items to be stored 

3 

in the CSF range from the very small (e.g., 0.1 m electronics package) to 
the relatively large (e.g., transport vehicle personnel module, 5 meter 
diameter x 15 meters long). All items must be stored in such a way that 
they are accessible for retrieval. Once the overall maintenance philosophy 
has been defined, reliability analyses and fleet size will determine the 
types and quantities of items which need to be stored. Efficient utiliza- 
tion of space will, of course, minimize the storage volume required. 

The actual technique used to retrieve items and deliver them to the 
MRlf must be detailed. Although an automated or remotely controlled cart 
traveling over a rail system has been assumed here, other concepts are 
also feasible. The mechanisms required to handle the commodities can be 
as simple as a fork lift or as complex as a multiple degree of freedom 
manipulator. It is anticipated, however, that the entire system will be 
made as simple as possible. 
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Inventory control methods used in the CSF will be dependent upon its 
overall capacity (number of items stored at any time) and upon its relation- 
ship to the SPS logistics facility. Subsequent definition of construction 
base logistics will allow determination of such requirements for the CSF, 

5. 2. 7. 3 Crew Vavtia'ivati.on „ ^ top level cut in this area indicates 
scheduled operations associated with the CSF and man should be conducted on 
a manned remote basis. Thus, the prime design consideration would be one of 
man/machine compatibility in design and layout of displays, controls, lighting, 
etc. to provide the remote operator an effective means to accomplish the mission 
objectives. 

5. 2. 7. 4 Conoeyts - Two very simple concept approaches were investigated 
and partially developed for each of the major commodity storage and transfer 
functions. This was done to aid in determining an overall CSF concept that 
seems to satisfy the functional requirements for commodity storage and trans- 
fer. The two concept approaches were: 

• Cluster Attached/Manned CSF 

• Cluster Detached/Unmanned CSF 

The Cluster Attached/Manned CSF concept provides a wide range of storage 
and supply functions applicable to other base modules. 

Since the storage and supply requirements for OCSE are also based upon 
the servicing/maintenance functions, a primary functional interface of the 
CSF could be with the maintenance and repair module. The efficiency of the 
complete system would be enhanced if the two modules are close together or 
even physically connected. Figure 5. 2. 7-1 shows one possible arrangement of 
the two modules, after assembly in orbit. 

The CSF is configured in this concept to accept supply deliveries, store 
items such that they are easily accessible, retrieve items as required using 
an automated or remotely controlled cart, and deliver the item to the MRM. 
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Figure 5.2. 7-1 Manned CSF/MRM Configuration Concept 

Figure 5. 2. 7-2 shows a typical floor plan for the CSF. A small pressurized 
enclosure serves as the control and monitoring station for the module; the 
main storage bays are unpressurized. 

The second concept looked at was the cluster detached unmanned commodities 
storage facility. This concept utilizes equipment that is partly autonomous 
in that it is a stable unmanned platform. The assembly and operations that 
2 ,re nonautonomous are performed by remote operators back at the Integration 
Management Facility (IMF) or in a contingency mode by EVA personnel. 

Tlie assembly activities that are remotely controlled by man make use 
of teleoperator system (TOS) in either the free flying or fixed base types 
operating on the platform. Due to the versatility of teleoperators , the 
quantify of support equipment needed for the CSF is minimized over the quantity 
of autonomous equipment that would be required. 

A typical scenario would include the launching of specific structure 
sections and assembly equipment from earth on HLLVs to a designated orbit 
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location. Once the desired orbit Is achieved the HLLV will either perform 
a startup phase or maneuver and dock with an existing CSF. After docking 
has been confirmed, transfer of commodities from the HLLV to the CSF will 
take place. Ttie method of transfer could be done by umbilical connection 
and fluid transfer, or by module removal and replacement (fluid tanks or high 
pressure spheres). The HLLV would then undock and return to earth. 

An option to this sequence would ha\ u the HLLV statlonkeep at a safe 
distance while unmanned free flying teleoperators maneuver out to the HLLV 
dock with the HLLV payload and transport it back to the CSF. Figure 5.2. 7-3 
presents an artist's concept by Westinghouse which gives a typical picture 
of what a commodity storage tank farm might look like. 



Figure 5.2.7-S Remote Controlled CSF Tank Fam Conaept 
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5, 2. 7. 5 Subsystems - TBD 

5. 8,7.6 Enviroronentat Faatovs ~ The major environmental factors effect- 
ing the CSF design are radiation and thermal impacts. While there is very 
little problem with radiation in LEO, operation in GEO could present a major 
problem. An ongoing NASA study — ECWS, NAS9- 15290, is looking into this prob- 
lem area. Data from this study and from other related studies should be 
available for future design considerations. 

5.2,7,? Interface Cons'Ldex^at'Lons - In general the interfaces identified 
with this vehicle would be similar to those required for other modules which 
make up the construction base cluster. Typical samples of projected inter- 
faces are as follows; 

CSF/Habitability Facility 
CSF/Logistics Facility 
CSF/Transport Vehicles 
MRM/ Commodities Storage Facility 
CSF/HLLV and OTV 

Material Transfer Interface Connectors 


S. 2,7.8 Development Plan - The future activities recommended as a 
result of the conclusions reached in this preliminary evaluation are sum- 
marized below and on Figure 5. 2.7-4. The Initial effort projected is the 
development of ground rules and economic benefits of the overall commodities 
storage and resupply picture. Research and development should also be 
continued on remote maneuverable teleoperators. Also, SRT should be initiated 
on materials, to be used on both the CSF and the OCSE, which will be used 
on hardware exposed to the combination of the normal space environment com- 
bined with radiation environments of materials stored. 

The test planning, scheduling and facilities utilized are greatly 
dependent on the development and scheduling of other base modules. For 
example maneuvering and docking requirements are very similar to many of 
the other base module requirements. The emphasis in this area is in the 
system definition/ exploratory technology because conclusions resulting from 
this phase can drastically change the later planning. 
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5,2.8 Personnel/Materiat TTccnspox>teiP. Structure Attached 


5.2, 8.1 Intvoduction - Any type of large space structure will require 
a significant amount of personnel and material transportation both during 
initial construction and for long-term maintenance. These transporters 
should also be capable of assisting in the construction and maintenance 
tasks by carrying man-operated manipulators and other tools to and between 
work sites. Some of the assembly tasks would be assisting in beam joint 
attachment j installing solar concentrators and panels, cable attachments, 
etc. During the maintenance phase replacement of concentrators and panels, 
repairing broken structure or cables, inspections, etc will be a logical 

set of activities in which personnel, utilizing transporters, will be engaged 
Much of the travel required during SPS construction and maintenance can be 
accomplished on existing structure (beams or cables). 

5. 2, 8. 2 Operational Discuss'ion - This section will be devoted to the 
general description of a transporter, the design requirements, and applica- 
tions of the vehicle; in addition, the trade studies that need to be accomp- 
lished prior to selecting a preliminary design concept will be identified. 

5. 2, 8. 2. 1 General - From previous preliminary studies of various struc- 
ture attached transporters, it has been concluded that the vehicle should 
traverse the basic SPS structure (beam or cable) without requiring specially 
dedicated cables or rails. The transporter would be self-propelled on the 
structure by electric motor driven- wheels powered from an Internal power pack 
or bus bars on the structure. This vehicle would transport personnel, mater- 
ials, and equipment, and would double as a tool to assist in the space 
structure assembly and maintenance after construction. 

5, 2, 8. 2. 2 Guidelines and Assumptions - The following list of guidelines 
and assumptions arc in fact preliminary design criteria for the next phase 
of the transporter program and are flexible enough to permit modification, 
deletion or addition as the design is formulated. 

a) Transport a maximum of 10 personnel, if used as a crew transporter. 

b) Transport the materials necessary to assist in the initial SPS con- 
struction such as solar concentrators, solar panels, structure 
joints, and tools, when used as a material transporter. 






c) Transport all the materials and tools necessary for maintenance 
of the space structure for replacement of equipment, repairs of 
basic structure and cables, etc- 

d) Contain teleoperator station (controls and displays) and manipula- 
tors to effect construction and maintenance (vehicle shall be 
directly controlled by an operator) . 

e) Derive power from the SPS by bus bars or rechargeable power packs. 

f) Design of motive devices to interface directly on the basic struc- 
ture with a minimum of extra tracks, guides, etc. 

g) Provide for inspection of all parts of the SPS construction base 
by direct viewing or remote camera coverage. 

h) Provide capability for access to all areas of the SPS for maintenance 
tasks . 

5. 2.8.2. S k-QvUGat'ions - Figure 5. 2. 8-1 summarizes the functional inter- 
faces which apply to structure-attached transporters. Such considerations 
are significant to the development of OGSE, Transportation of personnel or 
material, for example, on or within existing beam structure is affected not 
only by the beam design, but also by the joints between, beams (see Figure 
5. 2. 8-2). Intra-beam transfer is limited by the dimensions of the beam 
triangular cross-section (typically 2.5 to 20 meters). Transfer over a beam 
is influenced by the beam material, load constraints and the existence of 
travel restricting joints. Considerations important to the use of existing 
cables for surface transportation are summarized in Table 5. 2.8-1- 



Beams 

Figure 5.2. 8-1 Strimtural Interface Considerations 
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Table 5. Si 8-1 Cable Transport Considercctions 


OPTION 

ADVANTAGES 

DISADVANTAGES 

Single Cable 

« Can use existing (passive) SPS cables 

• Orientation about cable difficult to 
maintain 

• Module interchange between cables re- 
quires additional support equipment 

Dual Cable 

• Module stability increased by 2-pt. 
attachment 

• Allows transport of more material 

• Travel restricted, by requirement for 
two parallel cables 

• Module interchange between cable 
systems requires additional support 
equipment 

• May require modified or dedicated 
(second) cable 

Spider Concept 

• Provides greater transport flexibil- 
ity (three-dimensional or planar) 

t Allows module to get close to work 
area without actual contact 

• Requires dedicated caole transport 
system 

• Not efficient for transporting large 
amounts of material 



CENTROIDAL BUTT 
JOINT 


Clear Path" 


LAP JOINT 


Figure 5, 2, 8-2 Beam Transportation vs Joint Design Considerations 

The column/cable SPS might present a unique requirement for cable- 
attached transporters. The nonpower carrying cables on the C/C-SPS are 
to be approximately five centimeter diameter Kevlar. The amount of exposed 
cable ranges from 360“ to 60“ of the circumference of the cable. Two types 
of cable joiners will most likely be used: the first will be a standard 

clamp-type joiner; the second* a pulley arrangement, like that used at the 
prime-subprime cable junction (see Figure 5. 2. 8-3). Both hand-hnld and 
ridable cable transporters can be envisioned. 

One type of hand-held, cable- traversing vehicle would be placed on 
each cable comprising each joint before the joiner Is put on. An astronaut 
starting at one joint would grasp a vehicle which he would use to take him 
to an adjacent joint at which he would grasp another vehicle, repeating the 
procedure »intil he arrived at the desired location (see Figure 5. 2.8-4). 

Some disadvantages related to this type of vehicle are: the supplies carried 
are limited to what the astronaut can control with one hand; batteries need 
to be carried either by the astronaut or changed periodically; stops are 
required at each joint. The advantages to such a vehicle are its simplicity 
and controllability, and the ease of installation. 





Figure S,2,8~3 Cable Joints 

A second type of hand-held cable-traversing vehicle would be that type 
that could change cables. This vehicle would *'slt" on top of the cable and 
grip the underside of the cable with a series of paired wheels, each pair 
of which acts independently from the other pairs. For a smooth transition 
between joined cables, wires would be strung to bypass the joints (see 
Figure 5. 2. 8-5). This type of vehicle could be carried as a regular part of 
the astronaut's tool kit and clamped onto any convenient cable. This vehicle 
would be faster than the non-cable-changing vehicle and would be cheaper to 
use. If bypasses were not employed, the astronaut would have to stop at 
each joint to change cables. Another disadvantage is Its limited carrying 
capacity. 

The second type of cable- traversing vehicle Is the ridable type. A 
non- cable- changing, ridable vehicle would not be efficient, since It would 
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probably transport packages of enough mass to preclude their being switched 
to a different vehicle at each joint. A ridable, cable- changing vehicle 
(Figure 5. 2. 8-6) would necessarily employ the same types of gripper wheel 
and joint bypass systems as the hand-held, cable-changing vehicle (on a 
larger scale). This vehicle would be able to carry massive loads, would 
be very easy to control, should be relatively fast and could be coupled with 
a free-flying system. What might be considered disadvantages are that by- 
passes must be Installed, and Che vehicle would be complex. 

A second general type of vehicle which would be used on the C/C-SPS is 
the "spider" vehicle. In general a spider vehicle anchors some type of 
appendages on the existing cables , using these points as foot holds from 
which to move. 

A spider vehicle could be constructed which would use manipulator- type 
arms to walk across the surface of the C/C-SPS, using the subprxme cables 
as footholds in tandem. This vehicle could lower itself to within a few 
meters of the solar panel surface where it could repair the surface with 
manipulator arms and/or cherry-picker- type vehicles. To cover the entire 
surface of a 1-km square described by four subprime cables the spider would 
need four legs, each consisting of two 700-meter booms. The motion of this 
vehicle would be similar to that of a walking spider. 



figure 5. 2. 8^6 P.idable Cabler^Changing Vehicle 
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A second type of spider vehicle would replace the legs of the first type 
with cables whose ends are fastened to devices similar to hand-held, cable- 
changing vehicles (Figure 5. 2. 8-7). This vehicle would "fly" to the prime- 
subprime cable joint above the section to be repaired, attach the cable- 
traveling devices to the subprime cables, and, by regulating the cable 
lengths and the velocity of the cable-traveling devices, descend to the 
desired area. This vehicle would also use manipulators and/or cherry-picker 
type vehicles to repair the surface. This type of vehicle reduces the chance 
for contamination to the solar panels by using cable drive systems starting at the 
prime-subprime cable joints (high above the solar array surface) and lowering 

Itself to the surface. Space could be conserved by constructing the manlpu- 

(R) 

lator arms and cherry-picker booms from collapsible beams (i.e., Astromasts^ '). 

Applications Involving beam-attached transporters are potentially much 
more extensive, because the anticipated SPS design (even the C/C-SPS) will 
Include structural beams both as part of the construction base and the SPS 
Itself. Such transporters would be most adaptable for use on the triangular 
beam concept of large space structures where a specific size of basic tri- 
angle Is used for all the main beams, cross beams and diagonal beams. A 
spiral construction would be less adaptable, but for most maintenance and 
Inspection tasks traveling around the spiral beams would still be required. 

The column/cable construction is the least desirable for a beam attached 
transporter and additional studies will be required to assess the Impact 
of added dedicated transporter beams against the complexities of a cable 
attached vehicle. In addition to transporting personnel and material this 
beam-attached device will have great utilization to assist construction by 
Installing solar panels, solar concentrators, bus bars, cables, wiring, etc. 
Personnel in the transporter would have direct viewing of most tasks, as 
opposed to remote video coverage by unmanned assembly vehicles. The same 
advantages exist for the manned transporter for both SPS inspection, and 
the repair and maintenance of damaged or malfunctioning components. 

Since it is desirable that existing beams be utilized by the transporter, 
the specific design of the beams should be such that they can accommodate an 
attached transporter. Figure 5. 2. 8-8 shows possible modifications to proposed 
beam designs which would make them compatible with beam traversing transportation 
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systems. The system using the unmodified beam (Figure 5.2.8-8A) has the 
desirable characteristics of nri impacting beam design; however, only one 
vehicle at a time can travel a beam. The beam in Figure 5.2.8-8B uses 
point connections of its cross-braces to provide over 270® of unobstructed 
beam. Up to three vehicles can travel this beam at one time without influen- 
cing each other. The beam in Figure 5.2.8-8C is equipped with troughs in 
which the wheels of the transport vehicles may ride. This beam may also 
accommodate up to three vehicles at one time without them influencing each 
other. It would appear that a beam able to accommodate three vehicles would 
be more desirable than a beam only able to accommodate one vehicle; however, 
the best method must be determined by the Impact each method has on the 
required strength of the beam. The use of an electromagentic system at the 
beam/vehicle attachment interface should be considered since such a system 
might reduce beam load requirements. 

5, 2.8.3 Crew Partioivation - All structure-attached transporters will 
require direct crew activities for vehicle control, personnel/material trans- 
fer and subsystem monitoring. Depending upon the particular v^icle utilized, 
the operator will perform his tasks in either the EVA mode, or from a pressuri- 
zed cabin. The trade studies needed to address this item are complexity of 
crew activities, sophistication and cost of vehicle controls, impact on basic 
structure for runways, joint bypasses, etc. Crew training, automated systems, 
redundancy are among the many elements requiring an in-depth study to optimize 
the final design as well as to provide comparative information between the 
various candidates. 

5. 2. 8. 4 Concept 8 - The previous paragraphs have presented several 
applications of candidate transporters, both cable attached and beam attached. 
From these preliminary studies, it has been concluded that the beam attached 
transporter is the more practical approach, and is the design concept that 
should receive additional study, design refinements and early space demon- 
strations. The rationale for selecting the beam attached over cable attached 
systems is based primarily on the types of space structures currently envisioned. 
Both the triangular beam and the spiral spider structure concepts have large 
areas of structure for the transporter to transverse all during construction 
or repair. The accessibility from cables on the triangular beam design would 
be severely limited, and would be nonexistent on the spiral. 



V-98 


It must be reiterated that to provide an optimum transporter system, the 
basic SPS structure design must incorporate the features required to support 
the transporter. At the same time studies must be conducted for the transporter 
motive power. Table 5. 2. 8-2 lists some advantages and disadvantages of four 
possible concepts of beam attached transporters, and the following paragraphs 
describe each concept In more detail. Variations of these Ideas and additional 
approaches will undoubtedly be conceived and added to the trade studies. Each 
of the suggested Ideas, beam traveler with manipulators for legs, the two 
designs requiring joint bypasses and the free flyer, travel on the basic beam 
structure, but each have unique features that will affect the design of the 
beams. Each of the four transporters fulfill the important criteria of 
paragraph 5. 2. 8. 2, 2; travel the basic structure; use structure electrical 
power; transport astronauts, materials and tools and have access to most 
areas of the structure for inspection and maintenance. 

a) Beam Traveler - No matter what type of propulsion or grapnel Is 
used, a problem which any beam traveling device will have is chang- 
ing from one beam to another. One possible way to change from one 
beam to another is shown in Figure 5. 2.8-9. This vehicle Is attached 
to Its beam gripping and propulsion system through four manipulators. 

To change beams this vehicle reaches out and grips the desired beam 
with its front manipulators and then pulls Itself over the Joint. 

This Is shown In the four plates. 

Another way to avoid joints when changing beams Is to use a joint 
bypass system. The bypass system would be constructed and fitted 
around the joint so as to provide a smooth transition from one beam 
to another for the chosen gripping and propulsion system. The beam 
to which a vehicle Is directed is dependent on the side of the beam 
on which the vehicle Is traveling. 

b) Static Rail Changer - To u.se a bypass system as described above, 
the beam traversing vehicle must be able to switch to the side of 
the beam which will take it In the desired direction. Two methods 
of doing this have been suggested. The first method is shown in 
Figure 5.2.8-10. Before approaching a Joint having bypasses, this 
vehicle stops to change sides (If necessary). The vehicle uses a 
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Tcd}Ze 5, 2,8-2 Stpuature Attached Tvanspoptev Considevattone 


OPTION 

ADVANTAGES 

DISADVANTAGES 

Beam Traveler 

a Does not require special structure 
at joints to bypass. 

• Manipulator legs could double as 
work tools. 

• Requires four manipulators. 

• Would have to stop to change direc- 
tion or continue on at joints. 

Static Rail 
Changer 

• Has positive grip on bypass beams. 

• Manipulators could double as work 
tools. 

• Requires special bypasses at joints. 

• Must stop at joints to change direc- 
tion. 

• Requires two manipulators. 

Dynamic Rail 
Changer 

• Only requires two small arms at 
joint bypasses. 

0 Does not need to stop at bypasses. 

• Requires special bypasses at joints. 

• Needs manipulators for work tools. 

Combination 
Free Flyer/ 
Rail Vehicle 

• Eliminates need for docking and 
receiving stations. 

t Minimizes distance vehicle must 
travel on structure. 

• Eliminates bypasses at joints. 

• Couid carry larger loads. 

t Requires special "runway" structures. 

t Sane chance of contamination from 
propulsion unit. 

• Needs manipulators for work tools. 
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manipulator and a rotating ring as shown in the four plates of 
the Figure. 

c) Dynamic Rail Changer The second method of changing sides (see 
Figure 5. 2, 8-11) does not need to stop to accomplish the change, 
but rather does so while moving. This method uses a "switching" 
arm equipped with a beam gripping device to accomplish this (as 
shown in the four plates) . 

d) Combination Free-Flyer/Rail Vehicle - One configuration which is 
on the borderline between being considered as a rail system or as 

a free flyer is a free flying transport with beam gripping "landing 
gear" which it uses to "dock" with a construction site. Use of 
such a vehicle could do away with the need for a docking and receiv- 
ing station for resupply vehicles. Before approaching a construction 
site this vehicle would put Itself on a glide path which would bring 
it to Interface with a beam "runway" (a structure which would grad- 
ually truncates into a structural beam of the construction site). 
After the vehicle has "docked" the landing gear would grip the beam 
and propel itself along as the previously described vehicle. 

5.2, 8, 5 Subaxjst&na - There are several key factors for each subsystem 
that will require specific definition to accomplish the next phase of studies 
and designs. Each subsystem are listed below with at least some of the 
criteria required identified. These criteria are necessary to establish 
size, power, mass properties, etc of the subsystems. 

• Beam Propulsion System 

- acceleration 

- braklng/deceleratlon 

- velocity 

- structure/traneporter rail interface 

- structure/transporter power Interface 

• Transporter Size 

- number of astronauts required 

- identification of materials and tools to be transported 

- loads imposed on beams 
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• Structure Support Equipment 

- tasks to be performed during construction maintenance and inspec- 
tion 

reach of manipulator arms (size of structure) 
end effector interfaces 
“ electrical power available 

- inspection aids, cameras, optics, X~ray, etc 
special tools 

- changeout of end effectors 

5.2. 8.6 Environmental Factovs - The environments will have a major 
impact on the designs and influence the trade studies. These listed environ- 
ments are the minimum that must be considered. 

• Space vacuum 

• Maximum and minimum temperatures 

• Solar exposure 

• Meteorite protection 

• Operating cycles 

• Operating life 

5. 2. 8. 7 Intevfaae Faotovs 

5. 2. 8, ? . 1 Launah Vehiole Requirements - The transporter must be designed 
to not only fit Inside the launch vehicle but must be designed to maximize 
the weight density for launch. Completeness of assembly at launch must be 
weighed against the complexity and cost of space assembly of the transporter. 

5. 2. 8. 7. 2 Servioina and Mgintenanoe - The transporter design must con- 
sider servicing and maintenance in the overall trade studies. Several guide- 
lines and tradeoffs listed below can assist the designer in his overall eval- 
uation criteria. 

• Brushless versus brush type motor (long life) • 

• Sealed versus unsealed lubricant applications for bearings, gears, 
etc. Influenced by life, loads, and type of space lubricant. 

• Plug-in modules for apace depot overhaul versus on- transporter repair. 

• Human factors for ease of replacement or repair of transporter in 
space environment . 

• Space depot overhaul of entire transporter versus on-structure repair. 
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Figure S. 2. 8-12 Combination Free Flyer/Rail Vehicle 








5.2, 8, 8 Development Plan - Future activities recommended as a result 
of the conclusions reached in this preliminary evaluation are summarized In 
Figure 5.2.8-13. The schedule of activities as shown provides an Indication 
of the long lead support required to define the technology needed for feasible 
development planning. The SRT Item of primary Interest Is the attachment 
Interface between the transport vehicle and the structure on which it moves. 

It Is reconnended that this Interface effort be conducted as an Independent 
research study which would address this technology area for all vehicles 
which may ride on or In some form of SPS structure. A major portion of this 
study would Include the mode of energy or propulsion means used to translate 
the attached vehicles over structure. Other technology areas such as cab 
design » life support equipment » and cargo storage and handling should be 
developed on other programs with an earlier need date. 
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S. 2. 8. 9, 1 Tvad& Studies - Previous paragraphs have described several 
concepts of transporters and Identified some Inherent advantages and disadvan- 
tages of each type. These studies were of sufficient depth to select the 
beam attached approach as the most viable candidate for further trade studies. 
The next logical step is to pursue the identified designs in much further 
depth with the following Items evaluated as a minimum. 

• Transporter size ^lnd complexity to accommodate two to ten astronauts. 

• Transporter size, retention requirement and handling needs for various 
materials* components and tools to perform construction and mainten- 
ance tasks. 

• Impact of various designs on the basic beam structure design for rails, 
joint bypasses, special docking facilities, etc. 

• Interface requirements with the space structure power system for 
plug-ln rechargeable power packs versus bus bar type power system. 

• Flexibility of each approach to accomplish the basic functions of 
transporting, construction and maintenance, and use of multipurpose 
devices such as manipulator arms doubling as legs for the motive actu- 
ators, as well as tools for construction and maintenance. 

• Crew Involvement In traversing structure. 

• Crew environment; i.e. , shirtsleeve vs space. 

As the preceding discussion suggests, several significant trade studies 
are required to define the design details of a structure-attached transport 
system. The Impact of the design requirements for the transporter upon the 
design of the basic beam may be critical; beam geometry and overall beam 
strength may be more strongly influenced by the transport system than by 
general SPS structural requirements. 

The requirement for and design of joint bypass systems must be more firmly 
established. Depending upon the eventual configuration of the construction 
base, the number of bypasses needed can be minimal or relatively significant 
in terms of added structural mass and complexity. 

Further definition of the OCSE transportation fleet is required, so that 
the number and type of each class of vehicle (surface-attached, free-flying, 
hybrids) can be fitted to the particular tasks to be performed. This functional 
definition can have an Impact upon ^he factors mentioned above: beam design, 

structural requirements, bypass design, and the construction base configuration. 
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Supyortinci Reseavah and TeohnoZopy - Some of the aspects of 
the transporters need to be addressed in the near future, both because of 
the progress on the beam structure design and long lead research required. 
Other aspects can and should be delayed in starting either because the tech- 
nology Is now known, or Interfacing structure or equipments are in too eaily 
of a development status of their own to make It meaningful or cost effective 
to design that part of the transporter. This paragraph will categorize the 
various portions of the vehicle and the following paragraph will establish 
the schedule for addressing the design phases. 
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Items requiring near term action - 1978 thru 1980 

- Since there are several ongoing contracts on the design of the 
structure and the beam builders, an Interface between the beams 
and the propulsion unit must be established. This means that pre- 
liminary designs of the wheels, rails, and transporter Induced 
loads to the structure, need to be completely defined so that 
Interface can be finalized. 

- Overall transporter system definition needs to be generated. 

This will Include the specific tasks to be accomplished by the 
transporter during construction, structure and equipment mainten- 
ance, and space structure system inspection. Also any special 
requirements for personnel/material transporting, other than 
used by the transporter, should be enumerated. 

- Additional trade studies should be conducted In the latter por- 
tion of this period to establish a preliminary transporter con- 
cept and generate a preliminary design specification. 

Intermediate term actions - 1981 thru 1984 

- Ground and space demonstration models of the beams and propulsion 
modules should be built and tested during this time frame. 

- The development of solar panels, solar concentrators and other 
energy conversion equipments will be continuing over the next few 
years. This development In conjunction with the structure devel- 
opment will establish the interface requirements of the transporter 
In the area of manipulator arm reach and motions, and the types and 
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motions of the end effectors. These requirements need to be 
definitized and models made and tested to verify interface compat- 
ibility both on earth and in space. 

- Several elements of the design such as manipulators, motors, lub- 
ricants, other materials, etc will be undergoing a natural evolu- 
tion of improvements. In the 1984 era these many elements need 
to be researched and candidates selected for the next phase of 
development . 

- A final trade study and design specification should be completed 
by the end of this period. 

Long term development - 1985 thru 1995 

- A design, fabrication and space demonstration of all the functional 
elements of the transporter should be accomplished on a prototype 
vehicle by the end of 1987. At this time a commitment to full 
system development will be made. 

- From 1988 thru 1994 design improvements, specification modifica- 
tions, technology advances, etc would be Incorporated in a develop- 
ment/quallf icaclon phase of the transporter so a production design 
would be completed for fabrication in 1995. 
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5. 2. 9 Stovaae Pccnels 

5.2. 9.1 Introduation - A storage panel is a tray which holds end 
effectors and tools until they are needed by the manipulator which the 
storage panel serves. Only manipulators which use a number of different 
end effectors in accomplishing a task need storage panels. Storage panels 
have been used in conjunction with manipulators for undersea work by the U.S. 
Navy. A storage panel developed by Battelle, called a work systems package, 
is a matrix of tubular aluminum bins which hold hydraulically operated tools 
designed for undersea work. The work systems package contains tools such 

as a chipping hammer, wrench, jack, and cable cutter. Possible candidates 
for tools used In space construction Include cable cutters, welding tools, 
cable tieing devices, and alignment devices. 

5. 2. 9. 2 OyerationaZ Disauasion - The storage panel will most likely 
be a passive unit, the manipulator performing the actual tasks of finding 
the location of the desired end effector, grasping the end effector, remov- 
ing the end effector from the tray, replacing the end effector in the correct 
location, and releasing the end effector. 

5.2. 9.3 Crew Pacptioiyation - The manipulator operator is the most likely 
candidate for directing the changing of end effectors. The manipulator might 
possibly be linked to a keyboard by which the operator could select the next 
end effector by pressing a button marked with the name of that end effector. 
The keyboard would call out the stored coordinates (corresponding to that 

end effector) from its m^ory and use them to instruct the manipulator (first 
storing the end effector already on the manipulator). 

5. 2. 9. 4 Concepts - The securing of an end effector in the storage panel 
could be accomplished with the use of a double brush system as shown in 
Figure 5. 2. 9-1. 

If the storage panel is stationary in relation to the manipulator it 
serves, an optimal design of the storage panel would be a curved surface 
to correspond to the arc described by the manipulator. 

If the job performed by the manipulator requires that end effectors be 
used In rotation, an optimal design of the storage panel would be a carrousel. 
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Te^le 6. 2. 9-1 Faotore Influenoing Design of Storage Panel 

• OPERATIONAL FACTORS 

• Number of end effectors 

• Size of end effectors 

t Frequency of use of each end effector 
t Size of manipulator 

• Working volume of manipulator 

- Placed for least Interference 

- Placed for easiest accessibility 

• Fastening Techniques 

t ENVIRONMENTAL FACTORS 

• Susceptibility of tools to damage by environment 

- Outgassing (change In hardness) 

- Nfcrometeorold 

- Thermal 

- Charging 




5, 2, 9,8 Development Plan - The future activities reconimended as a result 
of the study and the restrictions assumed at this time have been summarized 
and shown in Figure 5. 2. 9-2. The development of OCSE storage panels must be 
accomplished in a cost effective, cohesive, and Integrated approach. This is 
difficult in this area since many of the storage panels would be dedicated to 
specific pieces of hardware. However, many of the requirements for OCSE 
storage will be the same and an effort is required that will define and analyze 
desired techniques to minimize duplication of studies and potential number of 
storage panels which accomplish the same functional task. Therefore, the continue 
Ing effort should make maximum use of results from previous and ongoing space 
programs and develop a designer's manual for stowage techniques which would 
help assure that new concept developments satisfy the broadest practical scope 
of SPS program guidelines relating to interfaces, common equipment usage and 
crew safety. 


MIIESTONE DESCRIPTIONS 
• SYSTEM definition/exploratory TECHNOLOGY 


SCHEDULE 
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CONCEPTS DEVELOPMENT STUDY 


0 COMMIT TO TECHNOLOGY ADVANCEMENT 

• TECHNOLOGY ADVANCEMENT 

- GROUND BASED DEVELOPMENT 

SIMULATIONS & PARAMETRIC TEST DATA 

- SPACE EXPERIMENTS 

TASK BOARD OPERATIONS 


- SPACE SUBSCALE SYSTEM EVAI HATinw 

OPERATIONAL EQUIPMENT ON CARGO SPACE 

STRUCTURE DEMONSTRATIONS 

0 COMMIT TO SYSTEM DEVELOPMENT 


• SYSTEM DEVELOPMENT 


Figure 5. 2, 9-2 OCSE Storage Panels Dex^elopment Schedule 
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5,2.10 Personnel/Material Tranepopter^ Free Flu% 

5.2.10.1 Intpoduation - Tasks Involving personnel/material trans- 
portation in the vicinity of an SPS which cannot be carried out by structure 
attached vehicles would make use of free flyers. Discussed here are six 
possible personnel/material transporters for SPS use. 

5.2.10.2 Operational DiaouaBion - There will be a multitude of SPS 
construction tasks which could be performed with the use of free flyers; 
therefore, there will be a wide range of different requirements imposed on 
the free flyers (e.g. , required environment. Interfaces and payload capacity). 
Potential tasks can be classified into five general types: 1) construction/ 
maintenance; 2) reconnaisance ; 3) crew rotation; 4) material supply; and 

5) rescue. 

5.2.10.3 Crew Participation - The term "personnel/material transporter' 
as used here refers to a man piloted vehicle capable of transporting men and 
materials. 

5.2.10.4 ConoeptB - The smallest personnel /material transporter that 
has been proposed is the Manned Maneuvering Unit (MMU) . The MMU is an 
extravehicular propulsion unit that is worn and controlled by one astron- 
aut who may carry tool kits and other small packages. Figure 5.2.10-1 
shows an astronaut wearing an MMU. 

A transporter concept which may carry up to two astronauts and some 
small packages and tools is the pressurized, free-flying ECWS. This vehicle 
could be equipped with manipulator arms by which the operator could perform 
tasks. Figure 5.2.10-2 shows four different configurations of pressurized, 
free-flying ECWS. 

A free-flyer designed for suited astronauts is the open platform, free- 
flying ECUS. This platform would transport up to three astronauts and their 
equipment. The platform uses grappling devices to hold its attitude at a 
worksite. Figure 5.2.10-3 shows an open platform, free-flying ECWS proposed 
by Westlnghouse. 
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Figure 6.2.20-3 Westinghouse Open Platform ECWS 










Orbital transfer vehicles^ after having transported men and materials 
from LEO to GEO, could be used for personnel/materlal transport In the 
vicinity of the SPS. JSC has proposed three configurations of OTVs. The 
sinq>lest, designed for satellite maintenance and also as a pilot's station 
for larger OIV configurations. Is the crew module. The crew module, 
shown In Figure 5.2.10-4, Is 4.82 m long, 4.42 m in diameter, and can support 
two to four men. If the crew module Is docked with a crew rotation passenger 
module the result Is a personnel orbit transfer vehicle. The POTV shown 
In Figure 5.2.10-5 has a 75-man capacity. Docking the crew module with a 
cargo module results In a cargo orbit transfer vehicle. The COTV shown In 
Figure 5.2.10-6 has a 250 ton payload capacity. 

S. 2.10.5 Suha^atema - Table 5.2.10-1 shows the modifications or addi- 
tions that each of the six concepts requires for its efficient application 
In the five general tasks. 

5. 2.10.6 Enoirormentdl Paotora - Environments to which all f ree-flyers 
will be exposed and therefore will affect their design Include the following: 

• Space vacuum 

• Maximum and minimum temperatures 

• Solar exposure 

• Meteoroid itopact 

• Operating cycles 

• Operating life 

5.2.10.7 Interfaae Faotora - JSC's concepts for the Crew Module, POTV, 
and COTV require that they be launched in sections and assembled in orbit. 

The MMtl, pressurized ECUS, and unpressurized ECWS have or should have a launch 
density high enough to allow them to be launched as units. 

CnwcMtml 



Figure 6.2.10-5 Peraonnel Orbital Tranafer Vehicle 
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2-1/2 stage LO 2 /LH 2 
Life: 30 missions 
Payload: 2‘'0 tens 
fe$10M/flt 


S. 2. 10-6 Cargo Orbital Transfer Vehiole 


Length: 48M 
Diam; 8.4M 
Total weight: 510 tons 
Propellent weighs* 475 tons 
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Table 5,2.20-1 Concept Profiotenoy for Five Tasks 


CONCEPT {# CREW) 

CONSTRUCTION/ 

MAINTENANCE 

RECONNAISANCE 

Manned Maneuvering 
Unit (1) 

A 

Small tool kit with 
power pack. 

Direct viewing. 
Hand-held viewing 
devices. 

Pressurized Free- 
flying ECUS (2) 

B 

Storage panel of 
proper end 
effectors. 

Direct viewing. 
TV monitoring. 
Possibly hand- 
held viewing 
devices. 

Open Platform 
Free Flying ECWS 
(3) 

C 

Proper equipment 
and tools. 

Direct viewing. 
Hand-held viewing 
devices. 

Crew Module 
(A) 

D 

Small change. 
First mission 
possibly for sat- 
ellite mainten- 
ance. 

Direct viewing. 
TV monitoring. 
Possibly hand- 
held viewing 
devices. 

COTV (4) 

E 

Large capacity for 
tools and parts. 
Subsystems of A» 

B, C, 0. 

Large modifica- 
tions required. 

POTV 

F 

N/A 

Direct viewing. 
TV monitoring. 
Possibly hand- 
held viewing 
devices. 







CREW ROTATION 

MATERIAL SUPPLY 

RESCUE 

No change. Possibly 
multiple astronaut 
airlock needed. 

Limited to small 
hand carried items. 

Shuttle rescue 
system. 

Limited from pres- 
surized vehicle to 
pressurized 
vehicle. 

Protection for 
small packages. 
Large packages 
outside. 

Limited 


No change. No protection. Shuttle rescue 

Large packages. system. Extra 

life support 


No change. 


Protection for 

medium-sized 

packages. 


systems. Rescue 
equipment. 

Subsystems of A. 


No change. 
Designed for this 
purpose. 


Designed for this 
purpose. 


Limited to carry- 
on packages. 
Protection. 


Large rescue 
operations. 
Subsystems of A. 





















5.2,10.8 Development Plan - Future activities recommended for the timely 
development of Free Flying Transporters are summarized in Figure 5,2.10-7. 

A considerable amount of the technology to date is relevant to the manned 
free flying transporter. For example, the MMU, Apollo LEM and CM/SM and 
Shuttle POTV are expected to provide a number of flight qualified hardware 
necessary for this vehicle; l.e., propulsion, life support equipment, dock- 
ing and crew transfer mechanism, GN&C, communications and indirect viewing. 
Commonality of hardware is also assumed here where the structural portion 
which houses the man Is considered a duplicate to that used on the cherry 
picker. 
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Figure 5.2.10-7 Free Flying Tranaportera Development Sohedule 
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5. 2 . 11 EVA Module 


5. 2. 11. 1 Introduation - In order to provide for extravehicular activities 
(EVA) an EVA module was identified which would house all of the associated 

EVA equipment hardware, its checkout facility, recharge, stowage, and don- 
ning and doffing station, and an airlock to gain access to the vacuum environ- 
ment. Each module should be capable of supporting two to six men and their 
associated hardware to provide EVA capability on quick notice (24 hr/day). 

This quick response requirement identified one of the prime design drivers 
associated with the EVA module. Another design requirement for the module 
has the crew prebreathing an oxygen atmosphere prior to suited EVAs. IVo 
potential solutions to this problem which lie at the opposite ends of the 
resolution range were proposed which Include: design, build and test a 

pressurized suit which would be operational at 760 mmHg (14.7 psla) or 
use an interim pressurized module maintained at 196 mmHg (3.85 psla) of O 2 
from which the EVA acclimated crew can suit up and perform quick response 
EVAs. Since an ongoing study, Extravehiaulop Cretamn Work System (ECWS)^ 
Contract NAS9- 15290, is looking at the 760 mmHg pressure suit concept, this 
study looked at the multicrew, interim pressurized (196 mmHg) module con- 
cept. 

5.2.11.2 Funationdl Diaaueeion - The functional requirements for an 
EVA module were derived from two primary sources— documents provided at the 
study start. Ref. JSC-11568 and JSC- 11867, and the fallout of man's partici- 
pation developed in Fart I of this study. The following paragraphs present 
this information as it relates to the development of an EVA module concept. 

5,2,11,2.1 General - The objective of this effort was to conceive an 
EVA module configuration and options which would satisfy the needs of the 
construction crews working in an EVA mode. The approach used was to match 
potential construction and assembly tasks with EVA capability, identify hard- 
ware and Integrate it to be compatible with other proposed facilities and 
structures. The scope and complexity of the interactions and requirements 
associated with the EVA module coupled with the limited depth of the present 
study makes it inappropriate to be too absolute at this time. However, the 
thrust was to propose typical concepts which appear to be technically feasible 
in that no design or operational problems were encountered that did not appear 
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amenable to solution. The concept proposed has economic viability and 
system feasibility which obviously depends somewhat on a conblnatlon of 
technology advancement and cost of competitive sources. 

S, 2, 11, 2. 2 Guidelines and Aeaumotione - Within the limitations of the 
study and based on related ongoing studies » the following guidelines and 
assumptions are presented: 

a) The SPS will be designed In a manner to optimize participation 
of man in Its fabrication, assembly, and operation. 

b) EVA capability will be provided for unique nonrepetltlve or for 
contingency operations. 

c) Extravehicular activities (EVA) In the SPS program will be defined 
as all activities which require the crewmen to don space suits 
and perform work activities external to the pressurized habitable 
facilities. 

d) Intravehlcular activities (IVA) will be defined as those activities 
which take place within pressurized areas of habitable facilities. 

e) EVA creumen will be required to prebreathe for approximately three 
hours on an O 2 atmosphere having five percent or less of N 2 by volume 
prior to suited EVAs. 

f) Airlocks will be capable of being depressurized by either pumpdown 
to 0.2 psla or by dumping to space. 

g) Airlocks to space environment will be sized for a minimum of three- 
man occupancy. 

h) Assumptions made relating to EVA operations which Impact the EVA 
module configuration are as follows: 

1) EVA classes: 

- planned EVA - activities planned and scheduled during orbital 
construction 

- unscheduled EVA - activities not scheduled, but available 
on an as-required basis 

- contingency EVA - activities required to effect safe condi- 
tions for both construction crew and EVA crew 
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2} Crew shifts i 

** four to six crew members per EVA modxile 

- six hours on» six hours off, six hours on and six hours off 

- thirteen days, six on, one off, six on and rotate 

- maximum continuoiis EVA of three hours (for scheduled EVA only) 

3) Crew tasks; 

- construction equipment maintenance and repair 

- assembly monitor, alignment, fasten, adjust, checkout 

- EVA crew rescue 

- initial setup and assemble of construction facilities. Jigs 
and equipment 

4) EVA safety: 

- routine EVA crews will consist of two crewmen EVA simultaneously 

- when two crewmen are EVA simultaneously in same area, no backup 
suited crewman will be required in airlock 

^ backup of individual crewman using MMU, if required, will be 
supplied by a second MMU 

- continuous visual surveillance of EVA crewmen will be possible 
from control center (either directly or by TV) 

- continuous voice contact will be provided between EVA crewmen 
and the control center 

- EVA work will not be performed in an unrestrained condition 
except for contingency or emergency situations where restraints 
may not be available 

5. 2. 12. 2. 3 Ayttlioatione - The primary application of the EVA module is 
as a support facility for EVA crew and equipment personnel such as cherry 
pickers, HMDs, etc. A secondary, application for the EVA module could be as 
small coapottent repair facility. Since a number of the failed components requir- 
ing replacement are removed by the EVA crew, they could also inspect the 
failed component and determine if repair would be possible. This application 
would be most critical to SPS construction - equipment since downtime is criti- 
cal to the overall assembly sequence. 

5.2.11.2.4 Trade Studies • In the process of working the EVA modxU. 
concepts and technical feasibility two major trade studies were identified. 
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The first one deals with the productivity of man in the EVA mode versus 
that of a machine in either the remote manned or autonomous control mode. 
The other trade study identified was that of shielding or wall thickness 
versus crew radiation exposure. A number of different trade parameters 
Included in this t 3 rpe of trade study are EVA duration, tour of duty, orbit 
altitude, sun's state, crew size, structure of crew rotation base, etc. 

5* 11. 3 Cpea Pcoptiotpation - The purpose of the EVA module is to 
provide an effective man/machlne Interface in going from the shirtsleeved 
crew to his performance of an EVA task. The prime requirement which bounds 
the crew participation is the one that states that EVA capability will be 
provided for unique nonrepetltlve type tasks or for contingency operations. 
The EVA module is a primary vehicle for supporting EVA operations and as 
such will take advantage of man's capabilities wherever feasible for both 
control and maintenance of operational functions. 

5.2.11,4 Conoepte - The basic EVA module configuration concept agreed 
upon was an Interim pressurized module outfitted to provide spacecraft 
docking, life support, EVA equipment storage and servicing, airlocks, etc. 
Some of the spacecraft used on past programs such as the Apollo CM, or the 
Skylab MDA/AM could be modified and used as the EVA module. Basic options 
considered at this time Included choices between attached or free flying 
and operational in LEO or I£0 and GEO. For this study the facilities 
cluster attached configuration was selected. Space vehicles that make up 
the cluster include the following modules: 

a Orbital construction and support equipment facility 

a Logistics facility 
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The most feasible location selection for attachment of the EVA module 
within the cluster grouping was the crew habitability facility. A review 
of past space programs resulted In selecting a space vehicle very similar to 
the MDA/AM configuration. » which best mut the EVA nodule requirement Identified 
In 5.2.11.2.2. Looking Into the needs of an EVA module In more depth resulted 
In a general list of EVA module capabilities and hardware as follows: 

e Crew Living Area 

- sleep area 4 to 6 personnel 

- head and shower provisions 

- eating area 

- control center » monitor EVA, learning terminal 

- EVA equipment storage, service and checkout area 

e Airlock Area 

- storage, service, donning and doffing provisions for EMIJs (3 to S) 

- handrails and footralls 

- portable O 2 systems 

- ECLSS panel 

- hatch port (2 or 3) 

- pressure control 
EVA usd>lllcal8 

e External Module 

- storage, service, donning and doffing station for HMDs 

- docking ports 

- portable lights 

- tethers 

- transport platforms (personnel and materials) 

- EVA hand tools storage and checkout 

Using this data a flow schesutlc was prepared as shown In Figure 5.2.11-1 
which represents most of the Items Identified above. 

TWO to six EVA crew members will live continuously for a period of 13 
days In a one-gas system (O 2 ) at a pressure of 196 nmHg (3.85 psla). These 
men will enter and leave on a crew rotation basis through the airlock 
located between the EVA module and the crew habitability facility. The 
crew quarters contain the sleep compartment, waste management /shower, wardroom 
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Figure i. 2. 11-1 EVA Module Flot^ Sahematio 

and work area and provides Che crew with areas from which they can conduct 
their normal dally activities and special tasks under living conditions 
similar to those experienced at one-g. All living provisions will be pro^ 
vlded by Che EVA module with Che exception of oxygen, food/preparaClon, 
clean clothes and contingency Items. These special Items will be provided 
on an as-needed basis from the habitability facility through a small air- 
lock. Two modes of EVA transportation are provided — one is the open platform 
from which a suited astronaut attached to an umbilical or MMU can perform 
EVA. The other is the closed platform like a cherry picker which would 
be attached to a manipulator or could even be free flying. 


■■a 

J 



1 

I 

I 


;.5 





i 



\ 

1 



V-129 





S' 


5.2,22,5 Subaustems - The major subsystems Identified with the proposed 
EVA module are presented in Table 5.2,21~2. 

Table 5.2.11-2 EVA Module Subsyatema 


SUBSYSTEMS 


Structure: 

Shell 

Docking Ports 
Airlocks 

Crew Quarters: 

Wardroom 
Sleep Area 
Waste Management 
Work Area 

Life Support: 

O 2 Emergency Storage 
Op Supply from Cluster 
Op Pressure Control 
Sieve Sys (CO 2 ) 

Airlocks: 

Hatches ('-7) 

Atmos Pump* down System 
Equipment Recharge Station 


Umbilicals 

Suits 

MMU 

Open Platform 
Cherry Picker 


EVA MODULE TOTAL 


10 ft dia X 28 ft Ig 
3 ft dia X 2 ft Ig 
5 ft dia 


2 - 3 ft dia tanks 
r X r X 1* 

0.5' X 0.5' X 0.5- 
3' X 3' X 2’ 


3' X 6' X 2' 

4' dia X 6' high 


10 ft dia X 28 ft Ig 25,000 lbs 



5.2.11,6 Envivorvnental Factors - The major environmental factor effect- 
ing the EVA module design is radiation impacts. While there is very little 
problem with radiation in low earth orbit, any EVA tasks required in GEO 
would be a different problem. One of the most apparent solutions for man to 
survive the hazards of the radiation environments in high altitude orbits 
is the effective use of shields. An ongoing NASA study, ECWS, NAS9-15296, 
is looking at this problem area in great detail. Data from this study and 
from studies relating to SPS construction bases in GEO will be available 
for future EVA module design considerations. 
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5.8.11.7 Interface Consideratiom - All of the interfaces Identified 
for this Item were considered to be the same or very similar to those Inter- 
faces developed and flight qualified during the Skylab program. Thus, no 
new technology items were Identified In this area. A typical sample of 
envisioned Interfaces are as follows : 

EVA Module/Habltablllty Facility 

EVA Module/Airlock 

EVA Module/Cherry Picker 

Fluid Interfaces: Oxygen, Electrical Power, H^O, etc. 

5.2.11.8 Develaoment Plan - The future activities recommended as a 
result of the conclusions reached in this preliminary evaluation are summar- 
ized below and on Figure 5.2.11-2. 
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5.3 OCSE System Considerations and Interrelationships 


In addition to identify the tnajor design requirements of the 11 Items 
of OCSE, it Is Important to consider the areas of commonality among the sep- 
arate OCSE elements and in SPS operations, and to identify areas of overlapping 
technology across the OCSE spectrum. Although each item of OCSE requires a 
unique design and development cycle, in programmatic terms all items of OCSE 
are related to each other and to the SPS development cycle. 

Several significant areas of commonality exist within anticipated SPS 
construction operations, and these factors can impact development of the 
specific items of OCSE. Table S.!-*! identifies the construction phases and 
lists the major areas of commonality which are important to OCSE design and 
development. The major fabrication process for SPS construction is beam 
fabrication and joining for the main structure. Several items of OCSE are 
required to support beam fabricator transport, aligiunent and mounting at the 
work site, and resupply. Although the range of SPS element configurations is 
large, many of the items exhibit similar mass properties. The application of 
OCSE during the initial phase of SPS setup may be quite extensive. Potential 
sequences for such operations all require the same types of support. The 
basic construction tasks beyond fabrication include assembly, handling of 
structural elements or modular packages, docking, monitoring and checkout. 

Items of OCSE are required for each of these activities. Finally, access to 
the individual work sites, whether Internal or external to existing structure, 
is critical to all aspects of support — transport, handling, docking, mainten- 
ance tasks, crew schedules, and timelines are all dependent on the methods 
utilized to travel around the construction base and the SPS itself. 

The technology required to accomplish the tasks defined for the 11 items 

of OCSE is extensive. It is significant to note, however, that these technol- 

• 

ogy areas overlap across the spectrum of OCSE items. Table 5.3-2 shows this 
overlap in 17 separate technology areas for the 11 OCSE items. Although a 
specific technology might apply to most of the OCSE items, there may exist 
several levels of study within the applicable group. For example, the inter- 
play among such OCSE as manipulators, long boom, cherry picker, and structure- 
attached transporter is illustrated in Table 5.3-3. These items might then 
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Table 5.S-2 Areas of Commonality in SPS Construction Affecting OCSE Design 
CONSTRUCTION PHASES 

t Set up, starting the SPS construction; 

• Construction; 

• Operational checkout; 

• Construction items removal; 

• Operational; 

• Maintenance and Repair 

COMMONALITY 

• Basic fabrication of structural elements; 

• SPS element configurations— mass, size, c.g., etc; 

• Sequence for the first SPS setup; 

• Construction tasks work elements; 

• Access to work site (external vs internal to existing structure) 

be considered in concert for particular technology areas such as control modes, 
capability to Interface with multiple systems, mechanical attachment inter- 
faces, and mobility requirements. Such potential Interrelations are summarized 
In Table 5.3-4. These systems considerations and interrelationships, together 
with the programmatics associated with applications of OCSE to pilot plants 
(see Section 5.4 following) , Influence the development schedules to be defined 
for each item of OCSE. These schedules are presented in the following section 
of this report. 
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Table 5.3-3 Factors Influencing Technology Overlap for OCSE 


FACTOR 

OCSE 

Manipulators 

Decking 

rgji 

CMA9 

Module 

Booms 

MRM 

CSF 

SI 

storage 

Pansils 

Free 

Flying 

Transporter 

EVA 

Module 

Required Or Desired In The Early SPS Ph«M 
e.g. PiM Plants 

X 

1 

B 

B 

B 

1 

1 

X 


X 


Applicable To All Present Or Potential SPS 
Cotifigurations 

X 

B 

B 

B 

B 

D 

B 

D 

B 

D 

B 

Covers A Number Of Technology Rgmt Aree 
That Other OCSE Also Need 

X 

D 

B 

■ 

B 

B 

B 

D 

B 

D 

1 

Adequate Technology Requirements And Definition 
Exists At This Time For Meaningful Investigalion 
Design And Test Phases (Don't Want White Elephant) 

X 

B 

B 


B 

1 

B 

X 


X 


l-C "Man-ln-The-loop” Simulations Required To 
Establish Or Evaluate Design Paramenters 

X 
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X 
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X 



X 

Work In This OCSE Arena Will Complement 
Presently Ongoing Studies (e.g. ECWS) 

X 
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X 

• X 
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> X 
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Time Phasing Must Be Studied Early As It Hn 
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Eqpt; SPS Configuration; Jigs Rag'd Be. 
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Table S.Z-4 Examples of Interplay Among OCSE Items 

MANIPULATOR, FIXED OR MOBILE BASE VS LONG BOOHS 

t Lengths, degrees of freedom, control modes all related 

• Each can interface with multiple systems (cherry picker, 

ECUS, structure-attached transporter) 

CHERRY PICKER vs HANIPULATOR/BOOM 

• Cherry picker can be positioned by boom or manipulator 

• Control interfaces similar 

STRUCTURE-ATTACHED TRANSPORTER vs CHERRY PICKER 

f Cherry picker can travel on structure, interfaces similar 

• Transporter can position cherry picker 

STRUCTURE-ATTACHED TRANSPORTER vs LONG BOOM 

• Transporter can travel over boom 

• Boom can form interface between cherry picker and transporter 
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5.4 OCSE Applications to Early Space Structures Develop] 



The requirements for large space structures have generated preliminary 
plans for numerous space verifications of equipments and procedures during 
the 1981-1987 time frame. Some of these planned activities are presented 
In Table 5.4. 1-1. 


Table 5. 4. 1-1 Preliminccry Plana for Large Space Structures (1981-1987 ) 


EVENT 

TIME FRAME 

SOURCE 

Beam Fabrication Facilities (metal and com- 
posites) 

1981-1982 

NASA RFPs (1977) 

Basic Structural Evaluations 

1982-1984 

NASA RFPs (1977) 

Construction Base 

1983-1984 

NAS8-31993 (GAC) 

Solar Power Demonstrations 

1984-1990 

NAS9- 14958 (MDAC) 
NAS8-31993 

Space Manufacturing Facility 

1984-1985 _ 

NASBrJim- 

•PulyV^-StnnrlcrTTafrdm 

1984 & 1990 

NAS8-31993 

Teleoperator Space Spider Demonstration 

1985 

NASA RFP (1977) 

Deployment of Large Structures in Space 

1982-1987 

SAMSO RFP (1977) 


A review of the structural assembly requirements shows a number of 
common equipments required to accomplish these space construction tasks. 
Functional analyses of these tasks have identified the manipulators, manned 
cherry pickers, CHAD modules, personnel/material transporters, and commodi- 
ties storage modules as being basic OCSE items for these operations, and 
that these equipments would be used in the same roles and configurations 
for future (1995) construction projects. Other OCSE items such as fixed- 
base booms, maintenance repair modules, and docking devices (for large sys- 
tems) would have major roles in very large structural assembly activities 
in the 1995 era. Then, a few items such as the OCSE storage panels and 
the EVA module may evolve from relatively simple equipments in the 1985 
time frame to more complex items in the 1995 era. 
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In reviewing vailous space structures studies, a correlation was 
developed between the development of the Solar Power Satellite and the 
development of the OCSE. Many of the different tasks associated with orb- 
ital construction demonstration can be satisfied by similar support equip- 
ment types as Identified for the 199S era. Based on an early study 
guideline the McDonnell Douglas Corporation's study on Space Station 
Systems Analysis Study, NAS9-14958, December 1976, was to represent the 
group of large space structure demonstrations. A result of this study 
was the recommendation, In the area of SFS support requirements, to start 
an early SPS demonstration using the pilot plant technique. 

The pilot plant concept identified Involved the verification/demon- 
stration of the critical subsystems of the Solar Pov •'r Satellite (SFS). The 
verification as presented was divided into -four phases: 

a) Shuttlje>-sax‘t±e'"component and subsystem development (1979 - 1980); 

' — b) Pilot Flan 0 (57 Kw) will be constructed in LEO in mid-1984 to 

demonstrate assembly techniques and orbital environmental effects. 

This system will be boosted to GEO to verify orbltal-to-ground 
functions and environmental and transport effects (see Figure 
5. 4. 1-1); 

c) Pilot Plan I (479 Kw) will be constructed In LEO in mid-1985 to 
demonstrate end-to-end space construction and functions of the 

SPS, Inclusive of large scale energy collection (see Figure 5. 4. 1-1); 

d) Pilot Plant II (17 Mw) will be constructed in 1990 as a partial 
prototype of the complete SPS. This unit will then be boosted to 
GEO (see Figure 5.4. 1-2). 

The major OCSE Identfled for an SPS would be demonstrated primarily during 
the construction of Pilot Plant 0, I, and II, Preliminary evaluations may 
be performed during Shuttle sortie flights, and data from similar equipments 
and technology areas would be applied to the OCSE. Therefore, the Pilot 
Plant II will bo considered as an operational project for some of the pre- 
viously verified OCSE. The OCSE space demonstration will have the primary 
objectives of demonstrating the following: 

• All interface compatibilities; 

• Vacuum environment operations; 
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• 123m X 126m 



Figure 5. 4.1-1 Pilot Plant 0 and I Configurations 

m Capability to do useful work; 

• Operational timelines and task complexity; 

• Man/machine and controlled functions. 

Because the OCSE must be capable of sustaining the Shuttle launch 
environment, the equipment will be structurally capable of significant 
ground testing. Therefore, operational performance task performance and 
crew member familiarity (evaluation) can be accomplished prior to flight. 

In the following paragraphs we present the description of the pilot plants 
0 and I from Contract NAS9-14958 (McDonnell Douglas) and the OCSE demon- 
stratlon/verlflcatlon interactions. Paragraph 5.4.3 presents a development 
plan for the various OCSE. 
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Figure 5. 4. 1-2 Filot Plant II Configuration 


S. 4, 2 Pilot Plant Desoriptions 

The SPS pilot plant "evolution" process will be conducted over the 
1984 - 1991 time frame starting with the basic fabrication, assembly, and 
checkout of a small power satellite and progressing to prototype of the 
complete SPS operating in a geosynchronous orbit. Intermediate steps will 
include microwave transmission, GEO-to-ground operations, LEO and GEO trans- 
port and environmental effects, and large scale energy collection processes. 

The Pilot Plant 0 (PPO) is a small power station (57 Ew) that will 
demonstrate some of the most basic SPS technology areas of structure fab- 
rication and assembly, microwave power transmission, and beam mapping. It 
is proposed by McDonnell Douglas that this assembly be a cruciform config- 
uration with each of the four legs being an open truss structure with a 


y-140 


length of approximately 60 meters » The trusses vrould be fabricated from 
a beam builder and positioned at a power and propulsion module by a long 
manipulator arm. a wire harness/power bus assembly and the antenna panels 
would be installed on the cruciform legs by EVA from a manned cherry picker 
attached to a second long manipulator. 

After completion of testing in low earth orbit, the FFO facility will 
be boosted to GEO, using an Interim Upper Stage (lUS) booster. This phase 
of operation will demonstrate transport loading, GEO-to-ground operations/ 
controls, and environmental effects. 

The Pilot Plant X (PFl) is a 479 Kw system that was sized for the maxi 
mum power density subarray based on the prototype Solar Power Satellite. 

In addition to the large scale solar collection and energy conversion tech- 
nology areas, PPl will be the system end-to-end functional verification of 
the prototype SPS. The construction process that is suggested by McDonnell 
Douglas involves construction of the 9.0 x 14.4 x 3.3 meter antenna using 
the same general sequences and equipments as used on PPO. Then the solar 
array is constructed using a construction facility that generates the 260 x 
30 X 17 meter continuous open truss structure. The solar cell blankets 
and reflectors are continuously unrolled and attached to the structure as 
it is generated. 

The construction facility is basically a structural frame to which six 
beam cap roll forming machines are rigidly attached. Industrial robots are 
attached for the positioning and attaching of lateral support struts. The 
rolls of solar cells and reflectors are also supported by this structural 
frame. The role of OCSE is essentially the same as that required for the 
PPO, but the PPl construction activities will require more versatility 
and mobility. 

The system study for the PPII (17 Mw) was not available at the time 
of this OCSE study. However, the existing McDonnell Douglas data are suf- 
ficient to illustrate the means to both verify and demonstrate OCSE. It 
has become apparent that the flight verifications of the OCSE can be time- 
phased with the demonstration of the pilot plants, where equipment complex- 
ities are demonstrated during the construction/assembly project prior to 
the project at which it is required. Therefore, the Shuttle sortie flights 
of 1980 - 1984 would be used to verify OCSE functions that are required for 



PPO; OCSE functions would be verified on PPO (after completion of the pri- 
mary tasks) for the construction tasks of PPl; .... This philosophy will 
ensure there is adequate time between construction phases for refinements, 
corrective actions, and final crew evaluations/verifications. Furthermore, 
this test phasing will provide assurance that the OCSE will be adequately 
demonstrated in order to provide full capability for the prototype Solar 
Power Satellite. 

An evaluation of the equipment typed required to support the pilot 
plants has identified that the initial pilot plant (PPO) as proposed by 
McDonnell Douglas would require two long manipulators, a manned cherry 
picker, a habitable core module, and a maneuverable satellite. From 
this type of data, the information Table 5. 4. 2-2 was generated which 
presents a priority for the development of the various OCSE. 

Table S.4.2-2 Priority of OCSE Developnent 


OCSE 

1984 

! 

1985 i 

1986 

1987 

! 

1988 

1989 & 
BEYOND 

Manipulator (fixed or mobile base) 
Docking Device (for large systems) 

X 

X 




X 

Manned Cherry Picker (boom or 
structure attached) 

X 






CHAO Module 
Fixed-base Long Boom 
Maintenance Repair Module 
Commodities Storage Module 

X 


X 

X 


X 

Personnel /Material Transporter 
(structure attached) 






X 

OCSE Storage Panels 


X 


X 


X 

Personnel /Material Transporter (free- 
f lyl ng ) 


X 


! 


i 

EVA Module 


X 


X 


X 


i 

i 

I 




i . 

I i 








1 



1 


1 

I 


I 


'I 


5 


i 

4 


I 
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Each of the OCSE Jcems shown on this table have been Identified with 
specific roles which velate to the pilot plant evolution. 

5. 4, 3 OCSE Deoelopment Plan 

The OCSE development will be consistent with other aerospace hardware 
development programs. However, early hardware development should make use 
of the NASA protoflight concept of early flight testing of subsystems to 
reduce the number of test hardware units, reduce the extent of ground test- 
ing, and make use of the Shuttle to return hardware for post-test Inspections 
and analyses. With this programmatic philosophy all subsystems will be 
divided Into manned and unmanned elements where the manned elements such as 
the nanned cherry picker, the personnel/materlal transporter, and the 
EVA module will receive more extensive ground estlng to demonstrate 
flight worthiness. Considerations must include commonality of design 
for the numerous manned capsules as a method to reduce total program 
costs. As an example. It Is likely that the pressurized capsules, air- 
locks, consumables feed-through interfaces can be one common design for 
the four manned OCSE Items. 

The unmanned elements such as the manipulators, booms, docking devices, 
and repair and storage modules can be initially evaluated from the Orbiter 
payload specialist station with the elements being captive within the cargo 
bay. The Shuttle remote manipulator system and EVA would augment these 
evaluations. 

After completion of the subsystem tests, the elements can be assembled 
and ground tested to verify all Interfaces. The OCSE would then be func- 
tionally verified as a system, as cost-sharing payloads during the Shuttle 
sortie flights, using task panels and structure mockups for operational 
simulations. This verification process will ensure the operational demon- 
stration, as part of the pilot plant construction, can be performed effi- 
ciently. 

An OCSE development and demonstration plan is presented In Figure S.4.3-1. 
This plan Is typical for each of the OCSE hardware items, although there is 
a strong likelihood that subsystem commonality will be identified during the 
Initial design study. There are five primary phases to the development/ 
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demonstration: 1) design study; 2) proof of concept OCSE models; 3) proto- 

flight OCSE; 4) system Integration; and 5) space demonstration. Each of these 
phases are discussed in detail in the subsequent paragraphs. 

5. 4, 3 . 1 Desicm Studu - The OCSE design study will be conducted over 
a period of nine months in order to generate the design requirements and 
specifications for the various OCSE items. A significant portion of the 
design specifications related to product configuration, useful life, environ- 
mental requirements, quality assurance provisions, and delivery requirements 
will be very similar or identical for each equipment. Based on the design 
requirements, common capsules for manned operations would be identified. 

Other outputs of this study would include a program statement of work, a 
work breakdown structure (WBS), and preliminary cost estimates for the bal- 
ance of the OCSE development and demonstration program. 

5. 4. 3. 2 Proof of Conoeyc OCSE Models - This phase is planned for a 
period of 24 months in order to develop the preliminary designs for the 
numerous hardware items that are categorized as OCSE. Proof of concept 
hardware will be fabricated and tested where preliminary evaluations are 
required. In the cases where scaled models will be cost effective as de- 
sign/test aids, they will be considered. This phase will also make use of 
the v£st design experience from the NASA manned space projects, particularly 
Apollo and Sky lab, as well as the STS. Off-the-shelf comporents will be 
used in most cases to ensure a cost-effective design development phase. 
Although macerials and processes may not be flightworthy, the space and 
Shuttle compatible materials will be identified during this phase. Manu- 
facturing will be conducted in close liaison with design personnel to 
reduce design change turnaround. The test activities will provide basic 
parametric data such as weight, power, volume, operating rates, and effi- 
ciencies. Zero gravity tests may be performed using the NASA low gravity 
aircraft or early Shuttle flights, if equipments are compatible. Where 
applicable, some of the proof-of-concept hardware would be disassembled 
from the equipment and used in the protoflight phase of the program. 

In addition to program progress meetings, it 1s recommended that three 
formal reviews be conducted: 



• Preliminary Design Review - This review will present the preliminary 
OCSE designs and identify how the design requirements and specifi- 
cations are being met. 

• Critical Design Review - This review will present the detailed 
design of the OCSE items and supporting euialyses for NASA approval 
prior to the start of manufacturing. 

• Post Test Review - This review will, present the results of the proof 

of concept tests, the anomalies and corrective actions. Considerations 
will be presented for the test planning of the protoflight phase 
of the program. 

S.4.2.2 Pyotoflight OCSE - This phase is planned as a 54-month period 
of perfotmance, basically subdivided into 18 months for design and studies, 

18 months for manufacturing, and 18 months for ground testing. The studies 
in support of this phase will primarily produce the interface control docu- 
ments related to the Orblter and the construction equipment, the stowage 
and deployed envelopes for the OCSE, and the definitions of the OCSE sub- 
systems. The detailed design activity will produce flight-type engineering 
drawings supported by structural and thermal analyses, and failure modes and 
effects analysis. Subsystems to Include power, controls, communications as 
defined from the previous study will be designed for each of the OCSE items. 

The designs must consider common usage hardware, serviceability, and main- 
tainability due to the projected missions for these equipments. Because of 
the flightworthy and man-rated criteria for the OCSE, formal quality assur- 
ance and test plans will be developed for controlling the hardware items. 

Plans will be submitted for NASA approval, and a process for reporting 
anomalies and thorough corrective actions will be mutually agreed upon. The 
OCSE will be fabricated from materials and with processes that have been 
certified as being flightworthy and compatible with the space and Orblter 
environments. Formal quality assurance and engineering change controls 
will be imposed to ensure hardware configurations are consistent. Component 
procurement will require the same flight hardware standards. 

Ground testing will be performed to verify the Integrity of each OCSE 
item. The testing would Include electromagnetic compatibility (EMC), vibra- 
tion and shock, and thermal- vac man environments with functional operations 
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during Che thermal- vacuum tests and before and after each environment. Crew 
member operations will also be Included. 

In addition to regularly scheduled program meetings, formal reviews 
to Include a PDR, a CDR, and Post Test Review will serve the functions as 
previously described in paragraph 5. 4. 3. 2. 

5. 4, 3, j System Integration - This phase of the program will be three 
to six months duration depending on Shuttle launch schedules and availability 
of cargo bay space. During this period the specific OCSE hardware items 
will be Integrated with all associated subsystems and a system end-to-end 
verification accomplished. The flight readiness review will be conducted 
to ensure all related program activities have been successfully completed 
and Chat no open action Items exist. 

The OCSE item and supporting subsystems will be stowed in the Orblter 
cargo bay, verifying the integrity of all interfaces. In the case of the 
Shuttle sortie'' flights for Initial task board operational verification of 
the OCSE, the Orblter payload specialist station controls will be installed 
and functionally verified as well. 

S. 4. 3. 6 Spgae Demonstration - We have identified the first three space 
demonstrations as: 1} task board operations; 2) pilot plant 0; and 3) pilot 
plant I. It is our estimate that a major amount of activity will take place 
in 1983 - 1984 time frame to accomplish the necessary space verifications of 
each of the OCSE items. The availability of the more complex equipments 
must be scheduled to permit adequate test/verlflcatlon time. 

A point of reference for space demonstration span times is the Apollo 
Command Module/Lunar Module docking interface. In the case of the OCSE, 
many of the hardware Items will be of comparable complexity and therefore 
adequate schedules must be provided. Our program plan also identifies a 
task for modification and retest between space demonstrations. 

By the time that Pilot Plant 0 is ready for construction, several 
OCSE items must be operational, including the base core module, the manip- 
ulator, and the cherry picker. Typical items and activities that could be 
demonstrated during these demonstration phases include the following: 


V-147 


Kl 




St9V69SU?i 




Manipulator Arms - The manipulator arms are required to accomplish the 
positioning of the structure elements including the beams, antenna panels, 
etc and the maneuvering of the manned cherry picker. 

Manned Cherry Picker - The cherry picker provides a semi-mobile plat- 
form with teleoperator subsystems for the crew member while in the Immediate 
vicinity of the fabrication and assembly areas. Initially, the cherry picker 
may be unpressurized, but a pressurized habitable capsule should be considered 
in conjunction with the personnel/material transporters. 

CHAD Module - The CHAD module, to which the manipulators are attached, 
is visualized as the primary operating base for orbital construction, furn- 
ishing power, communications, and a control system. This module will prob- 
ably be remotely controlled, but some manned, pressurized concepts can also 
be envisioned. 

Docking Device (for large systems) - The docking device will permit 
the joining of large structures, such as would be required for LEO fabrica- 
tion and subassembly requirements are identified for the pilot plants, such 
as joining two legs of the cruciform on PPO. Of course, other techniques 
such as those presently being studied under structural assembly contracts, 
are also applicable. 

Personnel/Material Transporter (free-flying) - This transporter may 
be a large manned maneuvering unit, which has a pressurized capsule (such 
as the cherry picker) for shirt-sleeve operations. Small manipulators 
and a CCTV and lighting system are part of this equipment. Specifically, 
the transporter would be required to resupply rolls of solar cells from the 
Orblter cargo bay to the PPl construction facility. 

Personnel/Materlal Transporter (structure attached) - This transporter 
would be an adaptation of the free-flying transporter having a special chassis 
that adapts to the fabricated structure or to the structure geometry of the 
fixed-base long boom. This transporter would not require development until 
very large structures are being planned (1995 era). 

Fixed-base Boom - This boom is visualized as an extended capability of 
the manipulator arms that are required for the pilot plant construction. 
Therefore, the fixed-base boom development would not be required until the 
1995 era. 
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Maintenance Repair Module ~ This module would be used on very large 
structures to accomplish repairs such as replacement of faulty components/ 
equipment I support structure replacement > remove/replace solar cells, etc. 
The module should Include compaction/scrap storage equipment to reduce 
space debris. 

Commodities Storage Module - This module would be used with the very 
large structure configurations where orbital resupply of commodities is 
required. Consequently, there is a need for providing supply depots, re- 
fueling stations, etc. Due to the materials or fuel types, the locations 
and procedures used to provide the storage and resupply functions must 
be accomplished with minimum risk to personnel and equipment involved. 
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5.5 Recommended OCSE 

This section covers the final OCSE evaluation and preference ranking 
of the 11 items remaining from the preliminary OCSE concepts screening task. 
The prime objective of this effort was to present a recommendation for a 
representative piece of OCSE with supporting rationale for a follow-on 
effort leading to its design, fabrication, and development testing. To 
accomplish this an approach was developed which generated recommendation 
criteria based on future SPS program desires. Using these criteria a trade- 
off evaluation was prepared among the 11 candidate OCSE items in order to 
identify a trend in ranking of development preference. 

6.5.1 Reootmendation Cvitevia 

The objective of this subtask was to develop the criteria necessary to 
show the rationale for making a final concept recommendation. The approach 
used was to take the OCSE screening criteria developed in section 4.3.1 
and expand them to Include some additional parameters which obviously re- 
quired more detailed evaluation. 

Many different tradeoff parameters were reviewed which could have an 
Impact on ranking positions. Some of these were eliminated due to having 
insufficient comparison data or minor impacts on the final ranking position. 
However, some were retained to show the level to which the evaluation data 
was devt^lcped. This also resulted in a narrowing down of areas where 
future analyses with the greatest lnq>act on new development decisions should 
be directed. The parameters used in the final comparison evaluation are: 

1) Pilot Plant Applications - Does the support equipment identified 
for Pilot Plant fabrication and assembly satisfy the physical and functiorul 
requirements projected for the 1995 Solar Power Satellite construction era? 
The OCSE identified with PP activities should be started first. 

2) SRT Development Status - Are the SRT efforts identified with the 
logical development of the OCSE items included in NASA planning? The SRT 
areas identified which are not already part of ongoing studies should have 
a high preference for near term development. 


3) Costs - Cost data used In decisions on OCSE development should be 
based on the lowest cost first. Cost data should Include all program areas; 
i.e., flight hardware, ancillary equipment, and supporting services required 
to fully Integrate each concept into unified operational programs. However, 
cost data to this level are not always available and may not warrant the 
additional time to develop them. 

4) Benefits - Vfhen making the deci:rion on whether to start a new develop- 
ment, the potential cost benefits in relation to program costs is one of the 
most important decision factors. 

5) Ri? Considerations - The general risk analyses investigate and 
Identify the uncertainties that could significantly affect performance, 

cost, and schedule and define provisions to minimize technical and cost risks. 

6) Crew Safety - The entire process of crew activity, shifts, rotations, 
timeoff, recreation, transportation, etc involves much uncertainty. Any OCSE 
which provides some form of crew safety should be considered an advantage to 
future planning. 

7) Crew Productivity - Since the number of orbital construction personnel 
have been identified in related studies, the impact which OCSE has on crew 
productivity must be considered. The OCSE which has a greater impact on 
increasing crew productivity is desirable. 

8) Preliminary Screening Rank - This Includes the compiled ranking 
results from the preliminary screening task which compared 12 parameters 
(see Section 4.3). 

6. 5. 2 Concept Development Preference Ranking Pvoaesa 

The OCSE concept preference ranking process used here was based on a 
simple summary method. The emphasis during this oart of the task was to 
compare each concept against each of the selected parameters. Due to the 
coarseness and in some areas lack of comparison data, the results of this 
specific effort are intended to show trends rather than exact conclusions. 

The approach used to accomplish the final preference ranking depended on a 
combination of evaluation procedures which looked at data from related 
studies, study derived data. Initial guidelines and on the experience and 
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judgment of the study participants. A simple prioritization process was used 
which aided In separating the preferred characteristics, from the most preferred 
(assigned one) to the least preferred (assigned eleven) when compared against 
each other. Table 5. 5. 2-1 shows the 11 OCSE items compared with each of the 
eight evaluation parameters. A final ranking is presented which is a numerical 
tally of all the individual rankings with the lowest value having the highest 
preference. This was considered a very simplistic approach in that no weight- 
ing factors were applied. Each of the eight preference ranking parameters 
carried the same weighting factors, although different weights might be applied. 
For example, the pilot plant application parameter could have a weighting 
factor of three times the risk considerations. The methodology and data 
source used to make this comparative evaluation is presented in Table 5. 2. 2-2. 

Additional rationale for making the final preference ranking is presented 
in the conclusions and recommendations. 


Table 5.5. 2-1 OCSE Development Preference 
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Table S.S.2-2 Cort^arative Evaluation Methodology 


RANKING CRITERIA 


COMPARATIVE DATA SOURCE 


Preliminary Screening Ranking 


Used ranking data developed in section 


Pilot Plant Application 


4 . 3 . 


Assigned ranking based on operational 
neefi requirements derived in section 


5 . 4 . 


SRT & Development Status 


Crew Safety 


Crew Productivity 


Costs 


Risk Considerations 


Benefits 


Rankings based on comparative review of 
SRT requirements vs known SRT studies. 


Rankings based on experience and judg- 
ment of study participants. 


Rankings based on experience and 
judgment of study participants. 


Cost estimates developed for project 
DDT&E and production used from lowest 
(1) to highest Ul). 


Rankings based on experience and 
judgment of study participants. 


Rankings based on experience and 
judgment of study participants. 
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6.2 Abbreviations and Acronyms 


ACS 

- 

attitude control system 

AM 

- 

airlock module 

ASTP 

- 

Apollo-Soyuz Test Project 

ATM 

- 

Apollo telescope mount 

BT 

- 

Boeing rhermal Engine SPS concept 

C/C 

- 

Column/Cable SPS concept 

CDR 

- 

Critical Design Review 

CE 

- 

Construction equipment 

CF 

- 

construction facility 

CHAD 

- 

Central hub assembly/deployment 

COTV 

- 

Cargo orbital transfer vehicle 

CRPM 

- 

Crew rotation passenger module 

CSF 

- 

Commodities storage facility 

DOF 

- 

Degrees of freedom 

ECLSS 

- 

Environmental control life support system 

ECWS 

- 

Extravehicular crewman work station 

EE 

_ 

end effector 

EMC 

- 

Electromagnetic compatibility 

EMU 

- 

Extravehicular mobility unit 

EOTS 

- 

Earth orbital teleoperator system 

EVA 

- 

Extravehicular activity 

FF 

- 

Free flyer, free flying 

FSS 

- 

Flight support system 

GEO 

- 

Geosynchronous earth orbit 

G,N&C 

- 

guidance, navigation and control 

GSE 

- 

Ground support equipment 

HLLV 

- 

Heavy lift launch vehicle 

IMF 

- 

Integration Management Facility 

loss 

- 

Integrated Orbital Servicing Study 

lUS 

- 

Interim Upper Stage 

IVA 

- 

Intravehicular activity 

LAD 

- 

Linear assembler/deployer 

LEO 

- 

Low earth orbit 


LF 

- 

Logistics Facility 

LRU 

- 

line replaceable unit 

MDA 


multiple docking adapter 

MF 

- 

manufacturing facility 

MMU 

- 

Manned maneuvering unit 

MPD 

- 

magnetoplasmadynamic 

MPTS 

- 

Microwave power transmission system 

MRM 

- 

Maintenance/repair module 

MS 

- 

Maneuvering system 

MTV, MTS 

- 

maneuverable television system 

N 

“ 

newtons 

OCE 

- 

Orbital construction equipment 

OCSE 

- 

Orbital constructic u support equipment 

OTV 

- 

Orbital transfer vehicle 

PCS 

- 

Power conversion system 

PDR 

~ 

Preliminary Design Review 

P-FMA 

- 

Protoflight manipulator arm 

PGA 

- 

pressurized garment assembly 

PLSS 

- 

Portable life support system 

P&M 

- 

Personnel and material 

POTV 

- 

Personnel orbital transfer vehicle 

PP 

- 

Pilot Plant 

RCS 

- 

Reaction control system 

REM 

- 

Roetgen equivalent in man 

RF 

- 

radio frequency 

RTA 

- 

rotary transformer assembly 

SC 

- 

Solar concentrator 

S/C 

- 

spacecraft 

SECS 

- 

Solar energy collection system 

SLR 

- 

scanning laser radar 

SPDL 

- 

Solar power development laboratory, power plant 

SPS 

- 

Solar Power Satellite 

SRMS 

- 

Shuttle Remote manipulator system 

SRT 

~ 

Supporting research and technology 

STAD 

- 

Sequential traveling assembler/deployer 
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STS 
T, TT 
TOS 


- Shuttle Transportation System 

- Truss configuration SPj concept 

- teleoperator system 
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APPENDIX A 


OCSE REQUIREMENTS DEFINITION SHEETS 
OCSE CONCEPT SUMMARY SHEETS 


NOTE ; The requirements definition sheets and summary sheets which follow 
are cross-referenced to the OCSE inventory tree (Figure 4. 2. 1-1, page IV-3) 
by number and category. The number refers to one of the ten classes of 
OCSE as defined below, and in Section 4,0, The category refers to the 


OCSE Inventory 


Class 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Free-Flying Transporters 
Structure Attached Transporters 
Handlers 
Aligners 

Material FAsteners 
Adjustment Devices 
Checkout 
Monitor Devices 
OCSE Support Equipment 
Base Modules 


state of development of particular OCSE concepts (on summary sheets), as 
listed below; 


Category A - Flight Existing 
Category B - Flight Proposed 
Category C - Commercial (One "G") 
Category D - New Concept 




OCSE INVENTORY NO. 1.0 


OC'^E REQUIREMENTS DEFINITION SHEET 


OCSE CLASS: Free Flying Transporters 

OCSE SUBCLASS: Personnel and Materials Transporters 

TASK DESCRIPTION: Man-rated cargo transporter; functional equivalent of 

separate personnel and material transporters with combined capabilities,. (See 
applicable SUBCLASS sheets.) Carry material (up to 7 x 105 kg* 3006 m3) or 
personnel (1 to 40) up to 21 km (nominal 100 to 260 meters) to construction site 
or work locations. Must have stationkeeping, docking or temporary attachment 
(to structure) capability; Integral propulsion, guidance and communications 
systems. Directly or remotely controlled. 


APPLICATIONS TO SPS CONSTRUCTION; 

■ Column/Cable (4. 1.3.1): Solar cell pcakges, 21 km @ 48,000 kg/package, 120 packages 

(10 X 10 X 8 meters each) 

Trues (1.2.4): Power distribution harness installers (4) - 163,000 kg 

each, 2.6 km 

Boeing Thermal: Reflector facet repair/adjustment - personnel travel 

distance 2.7 km 


EXISTING/POTENTIAL CONCEPTS; 

(1) POTV/COTV “ JSC SPS In-house study concepts 

(2) MMU/MTV - under development 


MAJOR INTERFACES; Docking port or temporary attachment mechanism; structure/ 
cable avoidance; must interface with construction equipment or other OCSE at 
load/unload site; servicing required. 


SRT REQUIRED; covered under related contracts (SPS studies), 


SPS IMPACTS: ' Traffic control; crew schedules. 
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OCSE Title: modular free flying transporter 






Data Source : 

JSC 11568, Initial Technical, Environ- 
mental, and Economic Evaluation of Space 
Solar Power Concepts, 08-31-76 


Operational Description: 


Figure (1) shows JSC's concept of a POTV/ 
COTV ((/) personnel module or payload 
module, (B) crew module, (C) 2nd stage 
propulsion) . Figure (2) shows how crew 
module, (B) , car. be lidked with a truss, 
(D) , and small propulsion unit (£) to 
form » general purpose vehicle (shown 
here carrying a personnel module (A)). 



Mass Properties: 


Requirements ; 

Crew: 2 in crew module, up to 20 in personnel module (A) . 

Environment: Space; crew and personnel modules are pressurized 

Service: Putting together modules in MFM , 

Launch Vehicle; HLLV 


Comments : 

Truss can be lengthened/ shortened for different missions. Several combinations 
become possible. GP vehicle can be adjusted to compensate for any payload, per- 
. jiQnneJ. module,_etc- 
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OCSE REQUIREMENTS DEFINITION SHEET 


I; 





OCSE INVENTORY NO. 1,0 

OCSE CLASS : Free Flying Transporters 

nCSE SUBCLASS : Material Transporte.s 

TASK DESCRIPTION : Carry material between locations at or near construction 

site. Largest package ^->700,000 kg mass and 3000 m^ volume; transport distance 
up to 21 km. Transporter must contain Integral propulsion, guidance and com- 
munications sytems. Docking capability required; cargo restraint syster re- 
quired. Can be directly (pressurized cabin) or remotely controlled; cargo space 
probably unpressurized. 


APPLICATIONS la SPS _CQNSTRUCIIQiiL _CTyp_lca_ll ; 

Column/Cable (4, 1.3.1) - Solar cell packages, 21 km (travel distance) (? 
48000 kg/ package, 120 packages (10 x 10 x 8 meters each) 

Truss (1.2.4) - Power distribution harness, installers (4 req’d) - 163,000 
kg each (3 2600 meters distance max. 

Boeing Thermal (2. 1.1.1) - Cavity absorber shell (400 pieces @ 53,000 kg 
each) 20 x 29m panel sections - distance up to 300 meters 

EXISTING/POTENTIAL CONCEPTS ; 

(1) COTV - JSC SPS in-house study concept 

(2) MMS - under development for Shuttle 

(3) MTV - under development for Shuttle 

(4) EOTS - Phase B Concept 


MAJOR INTERFACES : Docking port @ supply depot and (3 construction (delivery) 
'Site; must interface with construction equipment (solar cell installer, cavity 
absorber shell assembly jig, etc.) for load/unload; structure avoidance; thruster 
plume Impingement or surface contamination. 
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9PT REQUIRED : Scale up to large cargo capability; automatic docking techniques 


SPS IMPACTS. Re supply /supply logistics; traffic control 

(NOTE: Requirements can also be fulfilled by structure attached transporters; 

travel distances may Increase (non-straight line travel).) 
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OCSE Title: Cargo Orbit Transfer Vehicle (COTY.) 



s s 


M .. 

i"! s 

Im ^ 


Data Source : 

JSC 11568, Initial Technical, Environ- 
mental, and Economic Evaluation of 
Space Solar Power Concepts, 08-31~76 


Operational Descriotion: 


The COTVg is a space-based system de- 
signed for transporting from LEO to GEO 
all the material required for SPS con- 
struction or assembly. Two basic COTV 
systems have been identified, distin- 
guished by whether or not power is 
available from the payload. The COTV^ 
designation applies to payloads that 
cannot provide power for transfer from 
LEO to GEO. 


|lS 

gSS 

»o Ji. 


Mass Properties : 

Length: 48m (157.5 ft) 

Diameter: 8.4m (27.5 ft) 

Total Mass: 510 tons 

Propellant Weight: 475 tons 


Characteristics : 

Functional - Payload: 250 tons 

Life: 30 missions 

Environment: LEO to GEO and back to LEO 

Service (Prop., Elec., Gas, etc) on Orbit (LEO or GEO) 

Propellants; LH^/LO- 
LEO to GEO Trtnsit Time; 

Physical - 

Docking System Interface: Orbiter, Fabrication Facilities, and SPS Structure 

or Assemblies 

Crew: Unmanned requires automated or remote control 

Servicing Interface: Electrical power capability, on-orbit propellant transfer 

Power Source; Solar cells 

Stages: Two-stage or Two and One-Half Stage options 


Consents ; 

Proposed concept by JSC is in support of the Solar Power Satellite program. Addi- 
tional reference source is future STS Analysis Study (NAS9-14323) . 









Data Source: 


JSC 11568, Initial Technical, Environ- 
mental, and Economic Evaluation of 
Space Solar Pohier Concepts, 08-31-76 


Ooerational DescHotion: 


This COTV designation applies to SPS 
configurations or payloads that involve 
construction at LEO, either in total 
or in modules, which can provide energy 
for propulsion for orbital transfer. 

The more attractive thruster systems 
are those with high specific impulse 
(ion thrusters). 


Mass Prooerties: 


Size: TBD 


Mass ; TBD 


Characteristics : 

Functional - Payload: 

Environments : LEO to GEO one way transit , with return as option 

Propellants: H„, Argon, AV of 19,685 fps 

LEO to GEO Transit Time: 2 to 6 months 

Payload (SPS Assy) provides power for propulsion 


Physical - 

Thrusters; MPD arcjet configuration is best case projection 
Crew: Unmanned requires automated or remote control 

Interfaces: Electrical power from SPS, attachments to SPS 


Coflnents: 


Proposed concept by JSC is in support of the Solar Power Satellite program. 
Since detailed MPD or ion/argon thruster data are not available, comprehensive 
and accurate system design is not possible at this time. 











OCSE Titl6i Earth Orbital Teleoperator System 


sterio Vidw 


«nd Mlu.itInatiJA 


C«n«rti FurpOM 


Mimpulttor 



Data Source : 

Earth Orbital feleoperator Syeteme 
Conaepte and Analyeia^ MCR-76-17, 

Volume II, Contract NAS8-31290, May 1976 


Operational Description; 


Remotely controlled self-contained 
spacecraft with docking, manipulative, 
and visual subsystems^ Provides re- 
mote inspection, module transfer, snid 
miscellaneous assembly operations 
while under crewman (IVA) control at 
the construction base. 


'• Prmumrt 

Rtiunilir 

- Pmnllint 
Rciuffly 
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Mass Properties: 


Mass: 318 Kg (wet, 272 (Dry); [700 lb (wet) 

600 lb (dry)] 

Dimensions: 112x112x193 cm (44x44x76 In.) 


Requirements ; 

Functional - 

Missions: Monitor/ inspect , deploy/retrieve, satellite service, experiment support, 

assembly, hazardous material handling, and EVA support. 

Docking: Lateral velocity of 0.6 cm/sec; longitudinal velocity 3.0 cm/sec. 

Range Limitations: Up to 22 km (12 nm) ; growth option 120 km (66 nm). 

Total Impulse: 20,000 lb-sec, AV of 1,000 ft/sec. 

Spin/Despin: Spin rates of up to 10.5 rad/sec (100 rpra) . 

Physical - 

Crew: Minimum 1, IVA at EOTS control/display station. 

Environments: Space 

Service: Propellant resupply; electrical recharge 

Launch Vehicle: Compatible with Orbiter, OTV, HLLV, Construction Base 

Accept Modules: Weight of 300 kg (660 lb), size of 1 x 1 x 1 meter (3.2 x 3.2 

X 3.2 ft) 
















OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 1.0 

OCSE CLASS ; Free Flying Transporters 

OCSE SUBCLASS : Personnel Transporters 

TASK DESCRIPTION ; Carry personnel (1 to 40) to construction slte» repair site, 
or between work locations. Maximum range > 21 km, nominal - 100 to 2600 
meters. Must have stationkeeping, docking or temporary attachment' < to struc- 
ture) capability; transporter controlled directly (pressurized or unpressurized) 
and has Integral propulsion, guidance and communications systems. Also has 
rescue applications. 


APPLICATIONS TO SPS CONSTRUCTION mplcal); 

Boeing Thermal - Reflector facet repair/ adjustment - Personnel travel distance 
2 . 7 km 

Column/Cable, truss type, MPTS - EVA maintenance /repair, typical travel 
distances 500 meters to 16 km 


EXISTING/POTENTIAL CONCEPTS : 

(1) POTV (20 to 40 people) - JSC in-house concept 

(2) MMU - under development 

(3) ECHS - under study, part of EVA work station concept (may evolve as 
non-free flyer) 


MAJOR INTERFACES : Docking port or temporary attachment mechanism (grapplers, 
umbilical, hold-down latches); structure/cable avoidance; thruster plume im- 
pingement or surface contamination; GEO environment (radiation) constraints 


SRT REQUIRED : Concepts being developed In conjunction with, and Independent of, 

SPS studies; SRT covered under related contracts (NAS9- 


SPS IMPACTS; 'Traffic control; crew schedules 
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Data Source : 

JSC 11568, Initial Technical ^ Envinon~ 
mentalf and Economic Evaluation of 
Space Solar Powen Concepts t 08-31-76 


Operational Description ; 

A crew rotation passenger module Is 
required for the Earth to LEO and LEO 
to GEO transfer. The passenger module 
proposed first files in the Shuttle 
payload bay and then Is deployed and 
docked to the POTV at the LEO opera- 
tions base. 



Mott: POTVl lUf* 2 nfiM W M GEO f« i 
(pW Mntw tl|ht= SSMtrtctam) 


CrtH roUMai NTV| caaflfimtlM 
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Mass Properties ; 

Length: 33.28m (109 ft) 

Diameter: 4.42m (14.4 ft) 

Weight: 1‘’3 tons (total) 

Propellant : 106 tons 


Characteristics: 


Functional - Payload: 75 passengers plus 20 tons (LEO to GEO); 75 passengers (GEO 

to LEO, when refueled in GEO) 

Life: 30 missions 

Environments: LEO to GEO 

Propellants: LO 2 /LH 2 

Servicing: Prop., electrical, gas, etc (In GEO and LEO) 

Physical - interfaces (Docking) : International 

• HLLV or Orblter • SPS Construction Facilities 

• SPS Assemblies 
Servicing Interfaces 

• Propellant - require on-orbit fueling and refueling 

• Electrical 

• Gas 

• Life Support 


Comnents : 

JSC concept proposed for early planning purposes. However, crew size require- 
ments for GEO operations have not been focused sufficiently. 










f 



Category ^ 




Characteristics; 


Data Source ; 

JSC 11568, Initial Tedhnioaly Environ-- 
mental t and Eaonomia Evaluation of 
Space Solar Power Concepts, 08-31-76 


Operational Description : 

The crew module concept is envisioned 
as the first and smallest payload to 
fly with the POTV. A typical mission 
may consist of a 2 to 4 man crew per- 
forming one week of satellite mainten- 
ance operations, visiting four satel- 
lites with transfers up to 15“ longi- 
tude between each satellite visit. 


Mass Properties : (Crew Module) 

Size: 4.82ra (15.8 ft) length; 

4,42m (14.5 ft) diameter 
Mass: 6856 Kg (15,116 lb) to GEO; 

5582 Kg (12,315 lb) Return to LEO 


Functional - Payload; 4 passengers plus TBD tons (LEO to GEO) 

Mission: Up to 4 man sortie to GEO from LEO and return to LEO 

Functions: Construction, contingency, service/maintenance, and teat 

Services: (Prop. LSS, power) on orbit, LEO and GEO 

Propellants: LH 2 /LO 2 

LEO to GEO Transit Times; 6 hours or less 

Physical - 

Crew: 4 crew for 9-day mission plus 1 day reserves 

Crew Quarters: 33.8m (1,194 ft ) 

Control Compt.: 12.18m (430 ft ) 

Ancillary Items: Hatches, windows, airlock, docking, arms 

Interfaces; Crew module/POTV and crew module docking device 


Conments : 


Proposed concept by JSC is in support of SPS program. For additional data 
refer to the crew module concept from the Boeing FSTSA Study. The crew module 
is worked in conjunction with the POTVj^ propulsion unit. 
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OCSE Title: 

Extravehicular Mobility Unit (EMU) 

Category 

B 

No. 1.7 











Helmet visibility - 120® left end right; lOS® down from horizontal; 
EMU Joint Mobility "ange/Torque 


*• Shoulder itebllltv 
Adduct ion/Abduction 
Lateral/Medlal 
Flexion^txtension 
Rotation IX'Z Plane) 
Rotation (Y-Z Plane) 
(lateral-nedial) 
b. Elbow Mobility 
Flexion/Extension 
C. Wrist Mobility 
Flexion/Extension 
Adduction/Abductlon 

d. Waist Mobility 
Flexlon/ixcenslon 
Rotation 

e. Hip Mobili ty 
FI ex ion 

Abduction 


Characteristics; 


Mobility Range 
(Degrees] 

ISO® 

200/ 150® 
180® 

90 ® 

120 ® 


Torque 

(Ft/lb) 


Data Source : 

ExtraoehioulaT Mobility Unit) JSC RFP 
No. 9-BC7-4-6-1P, for Space Shuttle 
Program, December 12, 1975 

Operational Description; 


The NASA design concept emphasis for the 
EMU Is the connection of only four major 
components by tho crewmember in donning 
the unit. This could reduce operation, 
times and also Increase safety aspects 
by minimizing hoses, straps, and pres- 
sure bladder penetrations. The life 
support subsystems are housed in two 
modules — one (DCM) integrated onto the 
front, the other (PLSS/SOP) onto the 
back of the hard upper torso. 


^ass Properties: 


Size of PLSS: 61 x 53 x 17.8 cm 

(24 X 21 X 7 in.) 

Total EMU Weight: 82.6 Kg (182 lb) wet 


Functional - Provide Life Support: In ambient environment from zero to 14.7 psia 

Useful Life: 15 years minimum 

Operational Time: 7 hours, 6 hours useful EVA time, plus 30 min. ingress/egress 

and 30 minutes reserve 
Emergency O 2 : 30 minutes 

Cooling Capacity; Sized to handle 1000 BTU/hr metabolic load or 7000 BTU/sortie 

Physical - Major Components: gloves, helmet, upper torso and lower torso 

Crew: Accommodate crew members within the 5th percentile USAF woman officers 

to the 95th percentile male flying officers 
Service; Gas, liquid, electrical recharge, recycle requires one man within 
one hour. 

Interfaces: Communication RF link and hardwire umbilical, MMU, PRS 

Mounting: Minimum effort for rapid donning/doffing of unit 


Comments: 


This is a proposed extravehicular mobility unit concept by JSC for the Space 
Shuttle program. Additional effort in this area would most likely be done by 
Hamilton Standard Division of United Technologies, Inc. Proposed operational 
status is 1980. 








wm 


I Operational Description: 


The function of the MMU is to provide 
an EVA crewman with the capability to 
maneuver in the immediate vicinity of 
an orbiting spacecraft with six DOF 
control authority. The MMU attaches 
rigidly to the PLSS on the crewman's 
back such that the man, EMU, and MMU 
form an integral man/machine system 
for EVA operations. 
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Mass Properties: 


Mass: 102 Kg (225 lbs) wet 

FSS =• 23.7 :<g (50 lbs) 

Dimensions: 135x91x107 cm (53x36x42 In.) 


Requirements : 

Functional - 

Operating Range: Up to 100 m (330 ft) from Orblter 

Sortie Time: 6-1/2 hour EVA without battery recharge or replace 

Typical Task: Inspection, photography, retrieval, servicing, etc. 


Physical - 

Crew: Accommodate personnel within the anthropometric range of 5th percentile 

USAF women officers to the 95th percentile male flying officers 
Service: Recharge cold gas propellant pressure vessel and battery 

Interfaces: FSS attachments for stowage, transport, don/doff, servicing, etc. 

Mounting: Don/doff MMU by one EVA crewman 


Comments: 


This proposed unit is complete nhrough the design and test requirements phase. 
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OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 2,0 

OCSE CLASS ; structure Attached Transporters 
OC^ .SUBCLASS : personnel and Material Transporters 

TASK DESCRIPTION : Functional combination of separate personnel transporters 

and material transporters. See individual requirements sheets. Transport 
material (up to 700,000 kg) or personnel (1 to 40) over existing structure at 
or between construction sites. Maximum required range 29 km. Use electrical 
power if possible; must be able to negotiate joints. 


APPLICATIONS TO SPS CONSTRUCTION ; 

Most transporters can be designed to carry material r .idj(oi people. Supply 
train with a single operator, -or work crew transporter c'rrying required tools, 
are examples. 

No specific identified requirements for dual capability transporter, although 
most concepts incorporate both. 


EX I STING/ POTENTIAL CONCEPTS: 

(1) Rail system 

(2) Intrabeam transporter 

(3) Crawler 

(4) Travelling truss 


MAJOR INTERFACES: Structure attachment, rail Interface; battery recharge station; 

servicing required. 


SRT REQUIRED: Power pickup; rall/beam/ transporter deplgns - structural integrity. 


%« 


SPS IMPACTS; tlay impact beam or joint design. 
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OCSE Title: 


Beam Traveler 


Catecc'y D No. __2.1, 


Data Source: 


Manipulators 



Operational Descriation : 

This beam traveler pulls itself along a 
structural beam with its four manipulators 
(which have propulsion devices fe.q., 
wheels] as their end effectors). The 
following four plates show this vehicle 
changing beams. 


Triangular Beatnl 


Propulsion 

Devices 


Mass Properties: 





Requirements: Crew: Minimum ‘d 


'Environment: Any structural members In space 
Service: Scheduled 
Launch Vehicle: 


Comments': This vehicle has advantages which include: ■ it has no impa^ bn construction 

no special size of beam is required; manipulators can double as work tools 

with multiple end effectors. 











OCSE Title; joint by-pass system 


Category (Mo. 


Data Source; 






lOperational Description; 


The Joint by-pass system (shown In 
drawing) would be used by those structure- 
attached transporters which traverse the 
beam. The by-pass system would most ! 

likely be a rigid structure although cable | 
could conceivably be used. The joint by- 
pass system provides a smooth transition 
from one beam to the next. 


Requirements: 


Ctew: NA 


Environment; Structure Attached 
Service: Scheduled maintenance/repair 


Launch Vehicle: 


Mass Properties; 


Comments : 

Arrows in the above picture show the direction of the by-pass for each of the three 
sides of the four beams. 
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OCSE Title: 


Static Rail Changer 





Data Source: 


Rotating Ring 


' P?r<rp>^lBlon 
Devices 


T5?: 


Operational Description : 

Before approaching a joint having by- 
passes« this vehicle stops to change sides 
(if necessary). The entire sequence of 
changing sides is shown in the four plates 
that immediately follow this page. The 
drawing to the left shows the basic parts 
of such 3 vehicle. 


Griming Device 


Manipulator 


[Mass Properties: 


Crew: Mi'.iimum 2 

— ^Environment: Triangular beam in space 
Service: Scheduled 
Launch Vehicle: 


Comments ; fhis vehicle requires a period of time in which the vehicle is not moving 
so that- it may change sides. 







OCSE Category: D No. 











OCSE Title: 


•namic Re.il Changer 


2 . 




Operational Description: 


Shown in the drawing is a modularized 
version of a cargo carrying rail traveler. 
This device employs the joint bypass system 
described elsewhere. Drawings immediately 
following this page show how this vehicle 
changes sides (rails) of a beam while mov- . 
ing. Changing arm has rail traveling device 
on its end. 


Mass Properties; 



Requirements: Crew: Minimum 2 


Environment: T.iangular beam in space 
Service: Scheduled 
Launch Vehicle: 


Comments : This vehicle is probably the fastest of the beam traveling devices consid> 

ered thus far due to its ability to change sides of a beam while moving. 



























OCSE Title? Combination FF/Rail Vehicle 


Category D No. 2. 6 


Crew 

Module 



Propulsion 
Unit 


"Landing" Gear 
(Beam Riders) 


Data Source: 


New 


Operational Description : 


This vehicle would mainly be useful for 
delivering man and materials to the con- 
struction facility. It does away with 
the need for a docking and receiving sta- 
tion for resupply vehicles. The following 
plate shows a "landing" sequence for this 
vehicle. The vehicle lines up with the 
"runway" (a pointed beam) at a distance 
and glides in with no power. 


Mass Properties ; 


Requirements ; 


Crew: Minimum 2 

Environment: Space and triangular beams 
Service: Scheduled 
Launch Vehicle 


Comments ; 


This vehicle would not present any contamination threat to the construction 
facility because it glides in under no power. It also permits direct 
delivery to individual machines and locations on the construction facility. 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 2.0 

OCSE CLASS : structure Attached Transporters 

OCSE SUBCLASS : Material Transporters 

TASK DESCRIPflON : Transport material (up to 700,000 kg) over existing structure 
(up to 29 km). Use electrical power (either from continuous pickup or re- 
chargeable batteries) if possible. Must be able to negotiate joints. 


APPLICATIONS TO SPS CONSTRUCTION ; 

Boeing Thermal (2, 1.2. 6) - transport reflector facets (68,000 0 65 kg each) 
5600 meters 

Truss type (1.2,2) - transport solar cell blanket mat’l (total 7 x 10 kg) 
3900 meters to installers 


Column/Cable - (4. 1.3.1) - transport concentrator material - 240 rolls, 

100 m long, 5000 kg ea; 29 km to installer/ facility 

MPTS: transport subarrays (8000 0 200 kg each) - max. distance 500 m (over 1 km 


EXISTING/POTENTIAL CONCEPTS: 


dia. surface) 


(1) Rail system 

(2) Intra-beam travel 

(3) Traveling truss 

(4) Crawler 


MAJOR INTERFACES: Rail interface (beam Interface); battery recharge station 


SRT REQUIRED ; Power pickup; rall/beam/ transporter interfaces 


SPS IMPACTS : 'Impacts, or Impacted by, Joint design 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. £.0 

OCSE CLASS : Structure Attached Transporters 
OCSE SUBCLASS ; Personnel Transporters 

TASK DESCRIPTION : carry personnel (1 to 40) between locations at construction 
site, or between work locations. Maximum range > 29 km, pressurized or suited 
environment. If possible, utilize electrical power available at structure Inter- 
face or use batteries (recharged at outlet stations) Must be able to negotiate 
joints, or utilize joint bypasses. 


applications to SPS CONSTRUCTION: 

Typically applied to EVA maintenance, distances 500 m*to 16 km 

No specifically identified requirement to transport large groups of people 
except during shift changes; personnel transport usually considered in conjunc- 
tion with other tasks - one or two persona transported. 


EXISTING/POTENTIAL CONCEPTS: 

(1) Rail system - on beam surface 

(2) Intra-beam transporter 

(3) Crawler 

(4) Traveling truss 


MAJOR INTERFACES.* Structure attachment (rail, wheels, etc.); battery recharge 
station 


?;RT REQUIRED: Power pickup (if contl.nuous) ; rail design 


5>PS IMPACTS: * May Impact, or be Impacted by, joint and beam design 









OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 3.0 
OCSE CLASS : Handlers 

OCSE SUBCLASS; Manipulators (>5 DOF) 

TASK DESCRIPTION; Perfotro tasks requiring multiple degrees of freedom, moderate 
to high accuracy; masses handled - 5 kg to 700,000 kg; translation distances - 
10 m to 900 meters; manipulator lengths required - 10 m to 700 m. 

Can be combined with long boom concept, mobile transporter, ECWS, etc. 


APPLICATIONS TO SPS CONSTRUCTION: 

Boeing Thennal (2. 1.1,3) - Handle turbogenerator sets (^4 (? 236,000 kg each), 
20 X 29 X 5 meters each; translation distance 25 m; hold for mechanical fasten- 
ing (EVA or more dexterous manipulator) 

MPTS - Handle switch gears (16 (? discrete locations, 2000 kg each) for attach 
ment to back of secondary structure - translation distance 70 m (each); 
structure avoidance during handling. 


FXISTING/PQTENTIAL CONCEPTS ; 

(1) Fixed base manipulators 

(2) Mobile base manipulators (part of a transport system) 

(3) Dexterous manipulator (short, 4 50m) 

(4) Dual manipulators (tandem operation) 


MAJOR INTERFACES: Different end effectors required 


<^RT RFnU^RFjn ; Long manipulator technology 


SPS IMPACTS ! -Affects SPS construction base/design, activities 


OCSE Title; Shuttle Remote Manipulator System (SRMS) Category , 
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Data Source : 

Hequ-Crments/Definii'Con Doaiment /?e- 
mote Manipulator System-, JSC-10633, 

Rev. A, December 15, 1975 

Operational Description ; 

The SRMS is a part of the overall Space 
Shuttle inflight payload handling sys- 
tem. It is primarily used to deploy 
payloads from the Orbiter payload bay 
for release into orbit and to retrieve 
payloads from orbit and to stow them 
in the payload bay for servicing or 
return to earth. The unit assembly 
is a six DOF system of joints and 
rigid structural links in an arrange- 
ment to give a gimbal order of shoulder 
yaw, pitch, elbow pitch, and wrist 
pitch, yaw, and roll. 


Basic Arm: <408 Kg (900 lb) 

Total System: 505 Kg (1,113 lb) 

Dimensions ; See Schematic 


Requirements : 

Functional - operating Life; Minimum of 10 years or 300 cycles 

Operating Modes: Automatic, manual augmented, and manual direct drive 

Handle Payloads; Maximum envelope up to 15 ft dia. x 60 ft long and 65,000 lb 
Aid Crewman; Removal and transfer of a crewman in a pressure garment, or per- 
sonnel enclosure 

End Effector Speed: Unloaded shall not exceed 2.0 ft/sec; loaded shall not ex- 

ceed 0.2 ft/sec and stop within 2 feet 

Physical - 

Crew: One crewman per SRMS from the Orbiter MSS using two 3-DOF hand controllers 

End Effector; Remote interchange of end effectors 
Environment; Zero-g, space 

Interfaces: Orbiter mounting, stowage, mechanical, electrical, etc 

Power Budget; 660 watts for accuation, 650 watts for thermal heating 


Comments ; 

This unit is out of JSC under contract to SPAR of Canada. It is through PDR 
(October 1976) and scheduled for CDR on 11-30-77 and on-dock KSC ~ 07-23-79. 
Schedule indicated first flight on second OFT and operational for third OFT. 






Data Source : 

Proto-Flight Manipulator Am (P~F-’/ ) , 
Contract NAS8-31487, April 1977 


Operational Description: 


The P-FMA is presently envisioned as 
a general purpose operational space 
tool noi’nted onto an Earth Orbital 
Teleoperator Spacecraft (EOTS) or like 
vehicle. Its pfformance capability 
provides the flexibility necessary to 
grip, release, align, manipulate, etc 
during the basic removal and replace- 
ment of modules. 


Mass Properties: 


Mass: 45.4 Kg (100 lb) [Stowed] 

Dimensions: 44x0. 9x1. 37m (1. 4x3x4. 5 ft) ! 

0.15x0. 15x2. 9m (0.5x0. 5x9. 5 f' ) I 

lOpe-ating] 1 


Rpqui rement s: 

Functional - 

Control: Remotely ^rom Shuttle, Sortie Lab, and/or ground 

Reach: 100 cm (4 ft) and 200 cm (8 ft) 

Working Envelope: 25 cm (1 ft) minimum to 200 cm (8 ft) from shoulder pitch to 

wrist pitch axis in a hemispherical shape over mounting interface. 

I Power: Requires 28 +4V DC at a consumption not to exceed 500 watts 

I 

j Physical - i 

i Crew: Minimum one crew, TVA at PSS Control and Display Station I 

! Environment: Space ' 

Service: Interchangeable unit mounting and end effector | 

Interfaces: Mounting, electrical, communications 


Conwe^t: : 


The category identified was B (proposed), however the unit built was a replica 
of the flight model for the STS. 



















OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 3.0 
OCSE CLASS; Handlers 

OCSE SUBCLASS: General purpose ( ^ 4 DOF) mechanisms 

TASK DESCRIPTION: Perform material handling both at short range (^50 m) 

and long range (up to 650 meters) from a fixed base. Masses handled range from 
10 kg to 700.000 kg; tasks are relatively simple ( load/ unload ) , repetitious 
and Require only moderate accuracy. Work surface, from single point, up to 
1 km'^. Actual handling (translation) distances are from 10 meters to 900 meters. 


APPLICATIONS TO SPS CONSTRUCTION; (TYPICAL) ? 

MPTS - Strbarray handling (load/unload) between transporter (supply vehicle) 
and installer (subarrays 200 kg ea, 8000 total, lOm x 10m x 0.25m ea.) 


EXISTING/POTENTIAL CONCEPTS : 

(1) Surface Sampler Boom 

(2) On-orbit Servicer Mechanism 

(3) Spar Blstem 


MAJOR INTERFACES : Different end effectors required; structural impact of long 
boom on existing structure; fixed base to structure. 


SRT REQUIRED ; Long boom construction/design; rotating core (if required) 


SPS IMPACTS: -Affects construction base activities 
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OCSE Title: 


Vlkine Surface Sampler Boom Unit 




Data Source : 

Surface Sampler Subeyetem Flight Oper- 
atione Handbook^ Excerpt from HB - 
37203X1. dated July 1976. 


Operational Description; 


The surface sampler articulated (SSA) 
boom unit consists of the boom unit, 
collector head, and shroud unit. The 
extendable/retractable boom element 
combined with the lntef;rated azimuth/ 
elevation glmbal system, allows the 
collector head to be commanded to any 
location within its articulation 
limits. The boom unit uses a furl- 
able tube configuration. 


Mass Properties: 


Boom Unit Weight: 10.9 Kg (~ 24 lb) 

Dimensions: 24x34x61 cm (9.5x13.5x24 In 

(Stowed) 


Requirements ; 

Functional - 

Operation: Three degrees-of-freedom, (1) 300“ azimuth (yaw); (2) +45“ elevation 

(pitch); and (3) extend/retract of - 10 feet. 

Tip Forces: When fully extended It can apply 30 lb axial load and 8 to 10 lb 

In pitch bending. 

Elect. Power: 28 +4V DC with a maximum consumption of 50 watts. 

E^te]^ /Retract Rate: 4 ft per minute 

Collector Head: Provides a means for "backhoelng” surface trenches 

Interfaces: Replaceable end effector, spacecraft mounting 

Environments; 


Comments; 


This unit was flown successfully on two Vlklng/Mars missions, By redesigning 
the end effector, some of the simple construction tasks could be accomplished 
for SPS. 








OCSE Title: On-Orblt Servicer Mechanism 


Category b no. 3 




Data Source: 


Integrated Orbital Servicing Study 
Follow-On^ Mid-Terra Progress Review, 
Contract NAS8- 30820, SA-5, October 1976 


Operational Description: 


The on-orbit servicer mechanism as 
shown Is a relatively simple config- 
uration that has both natural and easy 
growth options. The mission emphasis 
is on the geosynchronous maintenance 
case with the capability for axial 
and radial module removal for a 
single tier satellite. 


Mass Properties : 

Servicer Mechanism: 63 Kg (139 lb) 

Stowage Rack (12 Inter. Mech) : 79 Kg 

(175 lb) 

Dimension: 4.5m dla., 1.8m long (176 In, 


Characteri sties: 


Functional - Primary Task: Module Exchange 
Life: 5 years or 100 missions 

Operating Radius: 2-3 m (7.5 ft) 

Tip Force: 89 N (20 lb) in either the radial or axial direction 

Module Exchange Time: 10 minutes nominal 


Physical - Crew: Unit includes both autonomous and manual control options 
Docking Device: Requires rigid attachment to satellite being serviced 

Service: Minimal component replacement 

End Effector: Dedicated to mate with the module interface mechanism 

Module Size and Weight: Im^ (40 In.^) and 318 Kg (700 lb) maximum 

Interfaces: Elect, power, mounting points, communications 


Comments: 







OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 4.0 
OCSE CLASS; Aligners 


OCSE SUBCLASS; Align for joining 

TASK DESCRIPTION : Align beam ends (at Joints) for fastening or align construc- 
tion equipment at vork location. Alignment required may be straight-line, right 
angle, parallel beams, planar or specified-angle. Accuracy generally <2 cm 
(typical 100 meter span) for beam ends, +2 for planar angles; actual re- 
alignment probably performed by manipulator In conjunction with measurement 
device. 


Urn - ! 
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•d 

1 

4'' 





APPLICATIONS TO SPS CONSTRUCTION ! 

Column/Cable & Truss type (1.1) - align beam builders pfior to fastening to 
structure (line of sight measurement) 

MPTS - align sections of extension structure as they are built (planar measure- 
ment, straightness measurement) - performed /i>20 times* 1 | 

Boeing Thermal (2. 1.2.2) - Solar concentrator module/beams - 6 places, 2 s*^ ' ’ 

in two planes 


EXISTING/POTENTIAL CONCEPTS : 

(1) Laser 

(2) Video 

(3) Mechanical 


MAJOR INTERFACES: Structure, power, lighting 


SRT REQUIRED; Accuracy/precision requirements; concept trade-offs; definition 
of functional requirements (crew-assist by EVA, remote via video, etc.) 
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SPS IMPACTS; * Critical to structure alignment (collector and transmitter) 








OCSE Title: 


Beams eo be Aligned 


T.V* (on aane axis 
as near beam) 


[Operational Deserf stion: 


T.V. camera unit Is maneuvered by RCS 
so as to view the end of one of two 
beams to be aligned, picture la sent 
to alignment device (e.g. , ECWS) to be 
used as a "gunslght" aligning reference. 



T.V* Monitor in | 
ECWS , 


IReQuIrements: 


[Mass Properties; 


Ceaw: Minimum 1, operator in ECWS 

Environment: Space, ECWS is free-flyer or structure-attached vehicle 

Service: Recharging of RCS gas. Recharging power supply. 

Launch Vehicle: 


Conments ; 

Problems may arise in the Initial line-up of the camera on the axis described one 
beam and the maintaining of this position. Cannot be used to accurately align long 
beams because of perspective. The TV camera with antenna could be part of a larger 
free-flying vehicle (l,e., EOTS) or a mobile structure-attached system. 



OCSE Title: 


LASER ALIGNMENT SYSTEM 


Catec:’'y D No. 4.2 


Optical Raeelvers 


>ta Source: 


Operational Description; 


Lasera 


Manipulators grab 

beans and align lasers and optical re- 
ceivers parallel to each bean. ECWS 
operator makes a gross alignment with 
the nonlpulators. Optical receivers 
coupled with computer takes over align- 
ment task at a certain accuracy. 


iMass Properti es : 


Manipulators 


iRequireinents; 


Cr^f Minimum 1, ECUS operator 


Eovlronnent: Space, ECWS Is free-flyer or structure-attached 

Sacvlce: Scheduled maintenance 

Launch Vehicle; 


Conment s: 

this system ha<r the advantages of quick aat-up time and computer help, but Is most 
easily used only for end-to-end alignment. The vehicle on which the manipulators are 
mounted could be a free flyer or could be part of a mobile structure-attached system. 
The end effector design (laser/ receiver) must aoeoimnodate different alee beams. The 

a;, actual jaint design may affect align eyetem performsnce/appllcabllity. 
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OCSE Title: 

SELF-ALIGNING GUIDES 

Cateoorv 

-:i 






Operational Description; 


shape of self-aligning guides makes 
Initial gross alignment, relatively simple 
and gradually forces fine alignment. 

Self-aligning guides have the advantage 
of making the alignment task simple and 
uncomplicated. 


Mass Properties: 


Requirements : 

Craw: Remote control or, as a minimum, remote monitoring of tasks. 

Environment: Space 

Service: Set-up of guides 

Launch Vehicle; NA 




Coimients ; 

Diaadvantages of guides Include the atnsunt of time required to fit each beam to be 
Joined with the guides. This could be made part of the beam fabrication procedure, 
providing that the joint design is also made compatible with whatever guide system 
la used, odd-angle or multiple-beam Joints may make task complex. 









OCSE Title; holographic image alignment 


R»celvlng Plate 


Wide Beam Litiar 


Holographic 

Image 

ECHS >11 


Beam-Splitter 


■VI 

^ fOLrror 



Operational Description; 


Half of the wide beam laser light Is re- 
flected by the beam-splitter to the re- 
ceiving plate of the Interferoscope. 

Other half Is reflected by mirror onto 
work area and is reflected by work area 
to the receiving plate. The two beams 
interfere with each other and Interfero- 
scope produces a holographic Image of the 
work area from which both operator and/or 
computer alignment Instruments work. 


Interferoscope 


Manipulators 


Beams to ' 
be Aligned 



Requirements : 

crew: Minimum I, operator In ECWS (Free flying or structure-attached) 

Environments; Placement In ECWS 

Service: Service with scheduled maintenance 

Launch Vehicle: 


Comments ; 

The Interferoscope requires advances In laser holography technology. This system has 
the advantage of working from a confined reproduction of the work area (alignment 
sensors are enclosed). A straight "phantom" beam can be superimposed on the holograph! 
image of the actual beams as an alignment guide. Interferoscope is a real time holo- 
graphic display. 







OCSE Title: TV alignment device for l<»ig beams 



ATTACHED BEAK 


TARGET 



RETICLE 


ATTACHING BEAM 


MANIPULATOR ARKS 


TV CAMERA 


Operat lonal Description: 


TV camera ^ and reticle ^ crosshairs Ioca'> 
ted on ECWS manipulator Arms and positioned 
accurately with attaching beam Target 
located accurately on attached beam. 

Camera Image Is displayed for ECUS opera- 
tor who positions both manipulator arms so 
that crosshairs of reticle align with 
cross on target and then advances attach- 
ing beam until mating takes place, keeping 
crosshairs lined up. 


Mass Properties: 



Requ1r«nents ; 
Functional - 


Crew: Minimum 1, ECUS operator 

Environment: Space* ECUS la freer>flyer or structure attached 

Service: Scheduled maintenance and calibration 

Launch Vehicle : N/A 


Physical - 


Co mments : 


Requires accurate allgraient of camera and reticle to end effectors* and end 
effectors to attaching bsam* also targot to attached beam. Msy want to have 
target moved from beam to beam* or probably each beam have own target. 
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OCSE Title: LASER ALIGNMENT OF LARGE STRUCTURE 




Requirements : 
Functional - 


Data Source : Rendezvous and Docking Laeey* 
Systems t MSEC Contracts NAS8-30738 (Norden) 
and NAS8-20833 (ITT). 


Operational Description 


A laser Interferometer transmitter and 
four~quadrant photodiode- receiver would 
be mounted on the ECWS manipulator arm 
that supports the beam to be attached. 

To align this beam with the beam to which 
It will be attached and maintain flatness 
of the entire structure* a corner reflec- 
tor (prism) would be mounted on the near 
beam and the center or starting beam. 

The transmitter laser scans until lock up 
on the prism Is achieved* and the receiver 
scans to receive the laser beam returned 
from the prisms* first to align locally 
and then check flatness of structure. 

The receiver signal la sent to the ECWS 
for beam attitude correction for both 
alignments and the beam advanced to mate. 

- By using a pulsed coherent laser the range 
or Information can also be determinecT If 
required for the local alignment and 
mating. 


Crew: Minimum 1* ECWS operator 

Environment: Space* ECt^ Is free-flyer or structure attached 

Service: Scheduled maintenance and calibration 

Launch Vehicle: N/A 


Physical - 


Comnents: 


The comer reflectors must be accurately mounted and the one on the local beam 
would probably be moved from beam to beam. The end effector containing the 
laser must have an accurate attachment to the beam being aligned. 









t 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 4.0 
OCSE CLASS: Aligners 

OCSE SUBCLASS: Surface Flatness Aligners 

TASK DESCRIPTION; Measure relative flatness of large surface areas (1 km 
dla. MFTS) and perform re-allgnment as required; accuracy/resolution required, 
although TBD, will be relatively high. Actual re-allgnment may be by EVA - 
must be performed In concert with measurement device. 


i 

i 


I 

\ 


1 


■y 


■i 


i 


✓ 

APPLICATIONS TO SPS CONSTRUCTION: 

MPTS (X.2»4.2) - subarray alignment (continuous surface). 

MPTS (X.2.3.1) - main structure alignment (top of structure frames must all 
be In same plane; discontinuous surface) - SEE ALSO "ADJUST" OCSE class. 


EXISTING/POTENTIAL CONCEPTS: 

(1) Video system 

(2) Laser device 

(3) Transit 


^ 4 

■.i 

\ 

J . ''i 

I ■ 


MAJOR INTERFACES: Power, lighting, structure 


SRT REQUIRED ; Accuracy requirements; concept trade-offs; functional optimization 


'4 


SPS IMPACTS: • Critical to MPTS transmission efficiency 
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OCSE Title: 


LASER FI.AT SYSTEM 



Requirements: 


Crefwi Automatic, remote monitoring 


Environment; Structure traveling 


Service: 


Launch Vehicle; Small, compact system 


Coiwnents ; 


Operational Description: 


Laser c r and Optical Receiver car tra- 
verse opposite sides of surface to be 
checked for flatness (e.g. MPTS), laser 
always pointing at optical receiver. 
After a "left to right" translation has 
been made, the procedure Is repeated 
"top to bottom". Unflat areas block 
laser light and their position Is re- 
corded . 


Mass Properties: 



This system cannot "see" "valleys", only "hills". The surface would have to be napped, 
and corrections made based on recorded data. 
















OCSE Title: shadowing technique - testing flatness Category 

D No. 4.7 

- ' '' '■ — . 1 ...- - 





Operational Description: 


The drawing at the left shows how this 
technique could be used. A single fre* 
quency electromagnetic radiation source 
(e.g. I.R.) illuminates the surface to 
be tested. A monitor sensitive to that 
frequency Is used to spot shadowing 
caused Irregularities of the surface. 
"Hills" cause crescentSi convex ^ay from 
the source. "Valleys" cause crescents » 
convex towards the source. 


iMass Properties: 



Requirements : 

C'rMrr System could be aut(xnatlc or manual 

Environment; Space, EVA hand-held or automated vehicle remotely controlled 
Service: Replacement as necessary 

Launch Vehicle: Small, compact system 


Comments ; 

This system eourd be used In an automated vehicle to find Irregularities, then used 
by an astronaut to monitor his corrections. Present technology could detect flatness 
of s^proxlmately one part in 200 down to a variation of 0.1 Inches. Technology 
advances In the next decade should Improve this accuracy. 








OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 4.0 
_OCSE CLASS; Aligners 
OCSE SUBCLASS: Depth and range aligners 

TASK DE SCRIPTION; Align beams/ structure in three dimensions at a joint; 
actual re-aligtiment probably accomplished by manipulators controlled via remote 
station with appropriate display, in conjunction with measurement device. 


APPLICATIONS TO SPS CONSTRUCTION! 

MPTS extension structure - align beams in up to 4 planer, assure parallelism 
of beams and perpendicularity .of planes as required. 

Column/Cable - hub beams (3,1) - assure perpendicularity of six main columns 


mSTING/POTENTIAL CONCEPTS; 

(1) Stereo-video 

(2) TV reticle 

(3) Graphic matching (computer asslated) 


MJOR INTERFACES; Structure, power, lighting, display format 


■SRT Accuracy/precision requirements; measurement technique; error- 

signal format 


SPS IMPACTS: • Significant to structure alignment, system efficiencies 
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OCSE Title: 


RADAR COORDINATE SYSTEM 



Y>axl8 radar 
Satellite 


Z^oxls 



X axla*^ 


Origin 



X-exla radar 
Satellite 


Operational Description: 


Three radar tranacelvlng aatellltea 
eatabllah a coordinate ayatem through 
the conatructlon alte. Each aatelllte 
la able to dlstlngulah and meaaure In- 
dividual perta of the conatructlon. 

Iheae radar imagea are tranamltted to a 
main receiving station. An ECWS operator 
would give the receiving station hla 
coordinates and the main, receiving sta- 
tion would transmit a computer enhanced 
3-vlev picture of his coordinates (end 
hla work, e. g. , beams to be aligned) . 


Mass Properties! 


Z-oxls radar aatelllte 



Requirements 


Grei^': Computer operated 

Environments : Space 

Service: Constant checking of placement 

Launch Vehicle: 


This ayatem must swalt the development of a radar ayatem that has very fine discrimi- 
nation abilities. This sytem haa the advantage that one main system serves the entire 
construction facility. Also, every activity In the conatructlon alte can be monitored. 










. OCSE REQUIREMENTS DEFINITION SHEET 

0«E INVENTORY NO. fi.n 

OCSE CLASS? Materlfil Fasteners 

OCSE SU_BCLAS$; Manipulator controlled fasteners 

JL ftS . K _. DESCRIPTlQH: Perform mechanical fastening tasks which require moderate 

external force/ torque application of large masses; can be controlled remotely; 
Inter-task manipulator transport may be required; task area access may be limited. 


APPLICATIONS TO SPS cnNSTRiirTTQN; 

Boeing Thermal - Radiator frames (2. 1,1.4) - frame ends^tted and welded 
(24 connections) (beams 120 to 930 kg; up to 950 meters long) 

WTS - Support arm beams (X.2.2.X) - cenCroldal joint ('v 60 connections) 
multiple beams per joint 

Truss ^pe - SECS support trusses (3,1) - 2416 centroldal joints 

Colu^/Cable - Power distribution cables (4.1.4) - 4, 17 cm diameter con- 
nector plugs 

EXISTING/POTENTIAL CQHCFPT<;. 

(1) Mechanical devices 

(2) Adhesives • 

(3) Welding 


-MAJOR INTERFACES: End effectors (several types); lighting 


SRT REQUIRED : Joint design 


SPS IMPACTS i * Joint designs (under separate study) affect fastening mechanism 


OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 5.0 
OCSE CLASS; Material Fasteners 
OCSE SUBCLASS; EVA controlled fasteners 

TASK DESCRIPTION; Perform mechanical fastening tasks requiring high degree of 
dexterity, in areas of limited access, where direct human monitoring is desir- 
able. Tasks may be separated by distances as low as 10m, as high aa 7Sm; 
therefore, inter- task transport is required. Force/ torque fastening loads must 
be small; individual tasks^ should require less than 5 minutes. 


APPLICATIONS TO SPS CONSTRUCTION; 

MFTS - (X.2.6.4) electrical connector fastening at back,of subarrays (7000 
connections); structure avoidance critical. 

Column/Cable - (4. 1.3.3) - Prime cable attachment to SECS rings (264 con- 
nections); cable avoidance critical 


EXLSTINS/PQIENTIAL CONCEPTS; 

(1) Mechanical devices 

(2) Adhesives 

(3) Welding 


MAJOR INTERFACES ; EVA module interface (cherry picker, MMU, ECWS), lighting; 
mode of transport between connection tasks, EVA tools 


SRT REQUIRED; geo radiation hazard 


SPS IMPACTS: .Affects, is affected by, maintenance/ servicing philosophy 
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OCSE Title; Space Power To ol K 




Data Source ; 

Space Maintenance Toole and Aoceaeoriee, 
Basic Data, MMC, ER 14452, October 1966. 


Operational Description 


The apace powered tool kit contains a 
12V DC rechargeable battery pack which 
provides 163 watt-hrs at 40 amps. The 
system was designed and constructed by * 
Martin Marietta for the Genlnl program. 
The tools Include: a dead blow hammer, 

the motor /handle assembly, a power drill, 
a screwdriver ratchet, workllghts, a 
power Impact wrench, a power saw, res- 
traint buttons and applicator, and a 
small parts holder. MMC has developed 
one of these tool kits. 


Mass Properties; 


Complete Tool Kit: 17.2 Kg (38 lb) 

Size: 37x37x24 cm (14.5x14.5x9.5 In.) 


Basic Summary Data 



Motor 90 oz 7.0 

Impactor 42 oz 6.4 

Saw 48 oz 8.0 

Drill 56 oz 8.25 

Hammer 28 oz 12.5 

Screwdriver Handle 12 oz 4.6 

Work Light (2) 14 oz 4.0 

Restraint Buttons 1 oz 

Applicator (2 parts) 12 oz 3.7 

Battery 5 lb 6.4 



Remarks 


12V DC, PM Field 

85 ft-lb out, 6 In.-oz. reaction 

5/8-ln. stroke, .030 In. Kerf 

1/4-5/8 holes 

1-1/4 lb dead blow 

1/4 In. ratchet drive 

30* ellipsoidal reflector, 6.9W 

8-10 A, 10-12 V, 30 sec for 50 lb 

Indicate 450* Bond Temperature 

12V DC Yardney HR-15 Silver Zinc Cells 



Comments; 


The NASA Space Tool Kit shown here was a study and development effort oriented to- 
ward defining In broader terms the scope of the maintenance problems, the human 
capabilities to perform maintenance and the design characteristics of the tools 
needed to solve the problems. 














OCSE Title: Toolb ♦•.O Support Inflight Maintenance 




Data Source : 

Skylab Experience Bulletin No. 13, Tools, 
Test Equipment, and Coneumables Required 
to Support Inflight Maintenance, JSC- 
09547, November 1974 


Operational Description: 


Tools selected for Skylab were primarily 
those required for specific tasks that 
were approved for Inflight accomplish- 
ments plus a few general purpose tools 
such as pry bar, hammer and Swiss army 
knife. Two primary complaints were 
voiced by Skylab crewmen regarding 
tools. First, all the necessary tools 
were not Included; and secondly. If 
a tool was available, it sometimes did 
not perform well because of safety re- 
quirements that had been Imposed to ren- 
der the tools ready for flight. One 
basic recommendation by the crewmen was 
to have all tools grouped In one specific 


Mass Properties : Five Basic Kits; 

Tool Kit 1 and 2: 

Portable Repair Kit: 

MDA Hatch Kit: 
Activation/Contingency Kit: 


General Characteristics : 

Functional - 

Operation: All basic Skylab tools are hand operational 

Functions: Both general and dedicated capability requirements 

Crew: Single hand operation 


Physical - 

sizing: Capable of being used with a PGA gloved hand. 

Holding Techniques: Elastic strips, see-through pouches. 

Handling Interfaces: Tether rings. Velcro straps. Velcro tabs 

Stowage: Some tools fit tightly Into the drawer cutouts while others were so 

loose they were not restrained at all. 


Connents: 


It should be noted that none of the tools In the initial tool Inventory were de- 
signed for EVA usage. In order to properly Interface with the EVA glove, tool 
handles had to be enlarged to wrapping them with tape. Since many of the tools 
were not equipped with tethers or tether attach points. It was necessary to also 
use tape to attach the required tethers. However, the tools proved to be adequate 
for EVA after handles were taped and tethers attached. 
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Category 


5.3 



Data Source ; 

Space Maintenance Toole and Acaeeaovieet 
Bailc Data, ER 14A52, October 1966. 


Operational Description: 


The apace-pover tool and restraint as- 
sembly were designed and developed 
specifically for the NASA/USAF Gemini 
D-16 Experiment. Qualification tasting 
was conducted with the space power tool 
stowed In the restraint assembly when 
subjected to launch environment stresses. 
The performance capability of this unit 
was not oriented toward any specific 
program and the tools represented 
prototype solutions. 


Tool Weight: 3.4 Kg (7.6 lb) 

Total Weight: 8.3 Kg U8.5 lb) 

Size, Stowage: 71x18x16.8 cm (28x7x6.6") 


Conments ; 

The Space Power Tool and Restraint Assembly was flown on both GT-8 and GT-11, 
however no operational tests were performed during these flights. Three flight 
sets and four qualification and training sets of equipment were delivered to 
Aeropropulslon Laboratories at Wright Patterson AFB (APFT - Mr. C. B. May). 


Physical - 

Crew: Operate with single hand with space suit glove 

Service: Battery recharge 

Interfaces: Replaceable 1/2-lnch drive chuck 


Requirements ; 

Functional - Capable of performing general drilling and bolting tasks. 

Output Torque: Exceeds 45 foot-pounds developed on 1/2-ln. NF AN-type bolt 

Operating Voltage: 6 to 7 volts 

Work Capacity per Battery Charge: Impacting - 100 3-sec bursts 

Drilling Time: 8 to 10 minutes running time 
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Category 


Apollo Lunar Surface D: 


Data Source 


Apollo Lunar Surface Drill (ALSO) 
MCR-71-35, Contract NAS9-9462, 
Aufiust 1971 


The ALSO provided the means to emplace 
the Heat Flow Experiment probes Into 
the Itnar soil and to acquire a deep 
subsurface core sample. The first re- 
quires the drilling of two holes to a 
depth of 10 ft each. The core sample 
Is acquired by drilling titanium stems 
Into the lunar soil, removing, and 
capping for transport to Earth. 


Mass: 13.6 Kg (30.0 lbs) 

Dimensions: 17. 8x24. 4x101. 7cm 

(7x9.6x22.7 Inches) 


Requirements ; 

Functional - Rotary - percussion drilling principle. 

Drilling: 1.032-ln. dla. hole In dense basalt at l.S In. /min 

Force: Download of between 22 and 66 N(5 and IS lbs) 

Flexibility: Replaceable bit capability 


Physical - 

Crew: One crew for hand-held operation 

Environment: Space, vacuum, 1/6-g during operation 

Service: Electrical recharge 

Mounting: Mechanical Interfaces for launch and descent vehicles 


Comments 


During Skylab program this unit was modified to operate as a material cutter 
For SPS applications, similar modifications would be employed to make use 
of the drive unit concepts. See Sheet 2 of 2. 






OCSE REQUIREMENTS DEFINITION SHEET 


OCSE IHVENTORY NO, 5.0 
OCSE CLASS; Material Fasteners 

OCSE SUBCLASS; Fasteners Inherent In structure 

TASK DESCRIPTION; Provide fastening mechanism (as part of basic structure) 
which accepts mating material and completes fastening task automatically; used 
for elements which must (or may) be periodically removed/replaced. . 


APEUCAIIQNS-TQ..SPS..CQNSTRUCTIQN: 

Column/Cable (3.0) - Main/ prime cable reel assemblies (^04 reels) - reel 
base plate mechanically attached to facility structure 

Boeing Thermal (2. 1.1. 3) > turbogenerator sets (64) - mechanically fastened 
to shell panels (helium line joints accomplished separately) 

MFTS (X.2.6.1) • switch gears (16) attached to substructure via latches 

EXrSTINS/POTENTIAL CONCEPTS; 

(1) Mechanical Joint 

(2) Impact (contact) latches 


MAJOR INTERFACES ; Handler to bring materials Into contact 


cPT PFflUTRFO ? Joint design (Cast-lock/Butt-centroldal) 




CPC TMPArTC * .Jolnt/latch design Impacted by construction/maintenance philosophy 


IHVEKTORY NO. 6,0 


OCSE REQUIREMENTS DEFINITION SHEET 


OCSE CLASS; Adjustntent Devices 
OCSE SUBCLASS; Beam positioners 

TASK DESCRIPTION; Adjust beam positions to achieve proper configuration (see 
HANDLERS) 


Column/Cable Facilities (3.3) “ adjust beams to make 6 facilities mutually 
perpendicular (18 adjustments) 

Boeing Thermal (4,1.3) - adjust spinal truss length to make axes of SCs 
parallel - required over 3 spans of 4000 meters 


(1) Manipulators 

(2) EVA/Tools 

(3) EOTS 


tee HANDLERS 


MAJOR INTERFACES: 


Alignment/adjustment over long spans (4 km) 


SPS IMPACTS; 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 6.0 

OCSE CLASS: Adjustment Devices 

OCSE SUBCLASS; Inherent with structure adjusters 

TASK DESCRIPTION; Provide adjustment capability by Incorporating device into 
the element itself (e.g. , screw jack in beam builder mount); device activation 
can be remote or direct (EVA task may be required) - measurement technique must 
be Incorporated. 


S 


■AEBUCftllONS TQ SES CONSTRUCTION; 

Facility tension rods (C/C - 1.1. A, TT - 1.1.4) - adjust^ 12 to 144 rods in 
pairs to align longitudinal beams 

MPTS subarrays (X.2.4.2) • adjust (7854) subarrays to obtain desired surface 
flatness (may be accomplished instead ly phase adjustments) 


EXISTING/PQTENTIAL CONCEPTS; 

(1) Screw jack 

(2) Linear motion wedge 


MAJOR TNTERPACESt Measurement device; lighting 


SRT REQUIRED: 


SPS IMPACTS: • 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 6.Q 

OCSE CLASS: Adjustment Devices 

QCSE SUBCLASS: Cable tensioners 

TASK DESCRIPTION: Provide capability to release/ retenslon cables periodically; 

measure tension (3000 Newtons max.); for some applications (MPTS) tensioner 
requires transport between tasks; for others (C/C), tensioner may be part of a 
reel assembly in a facility. 


APPLICATIONS TO SPS CONSTRUCTION: 

Column/Cable (4. 1.2.5) - Maln/prime cables « release/ retension every 100 
meters (144 times ) , up to 96 qables involved 

MPTS frames (X.2.3.1) - adjust radial cables between concentric rings to 
bring frame tops into single plane (cable lengths «s^l75 meters) 

Boeing Thermal (2. 1.2. 4) - SC tension cables > adjust to stiffen structures 
(24 - 36 times) 

EXISTING/POTENTIAL CONCEPT?? - 

(1) Turn buckle 

(2) Cable bender (tensionai^ device) 


MA.IOR TNTFREArE<; « Cable gripper, routing; cable/ structure fastenings 


^RT RFQUTREn ; Cable dispenser, take-up reel design; tension measurement 
technique 


SPS IMPACTS: - 
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OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 7.0 

OCSE CLASS ; Checkout Devices 

OCSE SUBCLASS; Input simulators for checkout 

TASK DESCRIPTION; Accomplish operabillty/perfonoance checks on SPS subsystems 
by providing an appropriate stimulus to which the subsystem should respond in 
a particular manner; measure/detect response and evaluate subsystesk condition. 
Access to the subsystem may be restricted. (See MONITORING) 


VPPIICATIQNS TO SPS CONSTRUCTION : 

Boeing Thermal (2. 1.1.3) ^ turbogenerator set checkout (fik sets) 

MPTS - (X.2.6.1) - switch 'gear (16) checkout 

MPTS - (X.2.8.1) • pointing system computer checkout 

MPTS - (X.2.4.2) • subarray phase control checkout 




(1) Sun source 

(2) Heat source 

(3) Electrical supply 

(4) Force/ torque 


MAJOR INTERFACES : Hand ling/ fastening of checkout device to or near subsystem; 

power, lighting 


SRT REQUIRED: 


SPS IMPAilTS : >Meed definition of test conditions required; tnalntenance/servlclng 
philosophy Is significant to test requirements definition. 


Ar53 


OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 7.0 
OCSE CLASS: Checkout Devices 

ycF Data feedback sensors 

TASK DESCRIPTION: Utilization of pre-installed sensors, or of characteristics 

of subsyst^ Itself (e.g. , stress build-up visible under X-ray) to perform 
checkout based on data feedback 


flPPI TCATTOMS TO <^P<; mNSTRUrTTON: 

Boeing Thermal (2. 1.1.5) - Leak check (He & NaK) in PCS j>iping (8 systems) 

MPTS (X.2.6.3, X.2.5.1, X;2.8.2) - electrical continuity in electronics sub- 
systems (phase control, pointing control, power distribution) ^2000 lines to check 

Boeing Thermal/Column-Cable/Truss type - Joint checks, fs.stener integrity 
checks several hundred checks) 

EXISTING/POTENTIAI CONCEPTS ; 

(1) X-ray (welds) 

(2) Ultrasonic 

(3) Electrical continuity 

(A) Range/distance measurement technique 


TNTCPFArF<; » Handling/ fastening of checkout device to or near subsystem, 
power, lighting 


SRT REQUIRED; 


SPS IMPACTS: *Taat requiramanti definition needed! maintenance/ servicing 
philosophy significant to that definition 





OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 8.0 

OCSE CLASS; Monitoring Devlcoe 

OCSE SUBCLASS ? Rimote viewing 

TASK DESCRIPTION ? provide capability to view by Indirect means various SPS 
construction activities; monitoring requirement most often occurs in conjunc* 
tion with other functions (handling, fastening, adjusting, aligning, checkout) 
and maybe necessary to complete a given task or may merely be superviso.ry; 
monitoring may be real time or delayed, of other OCSE or of automatic CE pro- 
cess. 


APPLICATIONS TO SPS CONSTRUCTION : 

MPT5 (X.2.5.1) - electronics packages Interconnections ('*' 7000) 

Boeing Thermal (2. 2. 8.1) - rotary transformer assembly installation (one 
time) 

General Assembly Surveillance - multiple camera positions 
C&D stations 


EXISTING/ POTENTIAL CONCEPTS : 

(1) Stereo video 

(2) Photographic 

(3) Conimter graphics 

(4) Special wavelength (e.g. , IR) monitoring 


MAJOR INTERFACES : Lighting, power 


SRT REQUIRED: 


SPS IMPACTS : Construction basa design determines major monitoring stations 


1 




I 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 8.0 

OCSE CLASS : Monitoring Devices 

OCSL-S-UBOASS: viewing 

TASK DESCRIPTION ; Provide capability to view by direct means various SPS con- 
struction activities; monitoring requirement most often occurs in conjunction 
with other functions (handling, fastening, adjusting, aligning, checkout) ; 
monitoring may be necessary to complete a given task or may merely be super- 
visory. 


APPLICATIONS TO SPS CONSTRUCTION : 

Column/Cable, Truss (1.1.4) - facility beam alignment - monitor measurement 
of 30 to 350 angles 

MFTS (4. 2.2.1) - monitor ball Joint installation 
General surveillance of SPS assembly 


EXISTING/POTENTIAL CONCEPTS: 

OL) Binocular Camera 
(2) Reticle 

C3) Wlde-field Telescope 


MAJOR INTERFACES : Need llne-of-sight view; lighting; monitoring station 

locations on structure 


SRT REQUIRED: 


SPS IMPACTS. Direct viewing Is function of particular task - assume viewer 
Is In vicinity by virtue of transporter/handler 
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OCSE Title: direct viewing monitor devices 
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Requirements: 


Functional - 



Data Source: 


Cotmnerclal 


Opera tio nal Description : 

Binocular Camera; This instrument is used 
for telescopic viewing and subsequent 
photographing of a distant object. Shown 
is a commercially available, 7 x 50 unit 
having a 6°25 ' F.O.V. , 1/60 - 1/125 - 
1/250 sec. exp. time, and automatic rewind. 

Reticle; Reticles could be used in con- 
junction with direct viewing devices to 
measure angles, diameters, distances, etc. 
Several types of reticles could form a 
kit to accompany the viewing device. 

Wlde-Field Telescope; This device might 
be used as a monitoring device because 
of its bright, high-clarity view. 


Mass Properties: 



Physical - 


Comments : 


ij 








OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO, 8.0 

OCSE CLASS; Monitoring Devices 

OCSE SUBCLASS; Instrumentation displays 

TASK DESCRIPTION; Provide capability to monitor equipment or task status via 
remote data received from Instruments mounted at task location; monitoring re- 
quirement generally occurs In conjunction with other functions (handling, 
aligning, fastening, adjusting, checkout) and can be necessary to the adequate 
completion of the task or may be merely supervisory. Display of data may be 
required In real time, or may be delayed. 


APPLICATIONS TO SPS CONSTRUCTION: 


EXISTING/POTENTIAL CONCEPTS: 

(1) 

Strain gages 

(2) 

Temperature Indicators 

(3) 

Lesk detector 

(A) 

Contamination monitor 


MAJOR INTERFACES: Monitoring devices required are direct function of task 

being performed 


SRT REQUIRED: 


SPS IMPACTS: 


1 
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OCSE Title: FLUID leak alarm and isolation valve Category D No. _8.2 

IData Source: 


I 

I Iso I 

: 2 of 2 I 


Ooerational Description: 

Sheet 2 of 2 

Normal fluid flow shown by solid arrows. 

Left valve arm prevents dynamic pressure 
from entering static pressure chamber when 
In normal position. Pressure on both sides 
of right valve arm cancel under normal con- 
ditions. Puncture In line reduces pres- 
sure on right side of right valve arm. 
Pressure In static pressure chamber pushes 
right valve arm Into actuation position. 
Actuation springs move valve arms into 
final positions, breaking restralner and 
closing alarm switch. Fluid now flows In j 
direction of dashed arrow. 

See also Sheet 2 of 2. 


Mass Properties: 








OCSE REQUIREMENTS DEFINITIQN SHEET 


OCSE INVENTORY NO. 9.0 

QCSE CLASS; OCSE Support Equipment 

OCSE SUBCLASS ; Docking Devices 

TASK DESCRIPTION : Provides docking Interfaces or mechanisms to allow vehicles 

to attach to structure* modules or other vehicles. The majority of TRANSPORT 
tasks require or assume a compatible docking device at the end of travel. In 
some cases* the device required is simply a temporary attachment mechanism to 
allow crew/materlal transfer; in other cases* a fully enclosed (pressurized) 
docking port is required. Additional requirement for docking /attachment of 
large structures. 


APPLICATIONS TO SPS CONSTRUCTION: 

Column/Cable (4. 1.3.1) • Concentrator material transporter (delivery to CF) 
Auxiliary Facility Equipment - Truss type (3.1.11) ^7000 kg ea. ; delivery 
of ACS modules to CF 

MPTS - dock to bottom of Boeing Thermal SC - mass^ 21 x 10^ kg 
Boeing Thermal SC Module Attachments (4*1) - Masses 10^-10^ kg 


EXISTING/PQTENIIAL CONCEPTS; 

(1) Full probe and drogue system 

(2) Universal docking adapter 

(3) General purpose attachment mechanism (not full docking) 

(4) Manual/automatic/hybrid systems 


MAJOR INTERFACES ; Compatible docking Interface* lighting* control system 
(manual* automatic or hybrid) 


SRT REQUIRED ; Transport* control* docking of very large ( > 1 km dia.) struc** 
tures of large (10° kg) mass " 


SPS IMPACTS ; * Class of docking devices must be identified* developed • based on 
SPS construction/maintenance/operations plans 
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OCSE Title: Docking and Retrieval Mechanism (DRM) 



Docking and 

Retrieval 

Mechanism 



Data Source ; 

Earth Orbital Teleoperator Syate'”t, 
ConoeptSf and Analyeie, Final Report , 
Volume V, Docking Retrieval Mechaiiiam — 
MCR-76-17, NAS8-31290, May 1976 


Operational Description : 

This unit consists of an extendable/probt 
assembly and a docking receptacle. The 
forward, capture/latch mechanism por- 
tion incorporates three latching prongs 
attached to a traveling carriage. A DC 
torquer motor/ball screw assembly pro- 
vides the linear motion required to de- 
ploy the prongs to an angle of - AS®. 
Subsequent travel moves the prongs rear- 
ward drawing the docking receptacle on 
the spacecraft Into a rigid mating. 


Hass Properties: 


Probe Assembly: 15 Kg (35.3 lb) 

Total Assembly: 48. 6 Kg (107.5 lb) 

Size: 20 cm (8 In.) dla. , 1.8 m (6 ft) 

long 


ReQuirements: 


Functional - 

Missions: Enables two spacecraft or payload to dock and be structurally joined 

on-orbit 

Extension Reach: 0.9 m (3 ft) at (1 ft/sec) maximum 

Docking Misalignments: Radial — +5 cm (+2 in.); lateral — +0.6 cm/sec (0.02 ft/sec) 
Forces: Longitudinal - 220 N (50 lb); spin torque - 2 N-m (1.5 ft-lb) 

Unit Cycle Time: Capture time of 5 sec, latch time of £ 15 sec. 

Physical - 

Crew: One crew for remote control from PSS 

Docking: Viewing, llgnting, and compatible docking leceptacle 

Services: Electric power required, 28 +4V DC 

Interfaces: Mounting of unit, electrical, communications, etc. 

Environments: Space 


Goninents: 


An engineering prototype of the docking and retrieval mechanism was built and 
tested. A possible SPS construction application of this unit is as a manipulator 
end effector used to grip, handle, and position SPS components and construction 
equipment during assembly. 





OCSE REQUIREMENTS DEFINITION SHEET 

QCSE INVENTORY NO. 9.0 

OCSE CLASS ; OCSE Support Equipment 

OCSE SUBCLASS ; Connodlty Servicer 

TASK DESCRIPTION ; Mai^ of the SPS elements, pieces of construction equipment, 
and the identified OCSE require some sort of servicing during SPS construction. 
These requirements range from module replacement and fluid transfer to elec- 
trical power resupply. Some means of providing such general services Is re- 
quired. 


APPLICATIONS TO SPS CONSTRUCTION: 

Boeing Thermal - (2. 1.1.5) - Leak check and service unit, (supply NaK - up 
to 5x10^ kg for each of 4 modules) 

Commodity module replacement - small packages ( ^Im ) (CE, OCSE maintenance) 
CE power resupply - all areas of SPS construction 


EXISnN6/PQTENTlAL-.CQNCEPTS; 

(1) Transportable service cart 

(2) Dedicated (fixed base) service station 


MAJOR INTERFACES: Requires transport, handling, temporary attachment at work 

site (of mobile); power, lighting; EVA assistance for operation may be required. 


SRT REQUIRED; Handling of large quantities of fluid; leak checks; power transfer 
scheme 


SPS IMPACTS; * Dependent upon SPS construct Ion/ const met Ion base philosophy 
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OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 9.Q 

OCSE CLASS : OCSE Support Equipment 

OCSE SUBCLASS ; storage panels 

TASK DESCRIPTION ; Many small (relatively) Items utilized during SPS construc- 
tion must be temporarily stored In close proximity to the task being performed 
so that they can be employed as required to complete the task. These Items 
are EVA tools, manipulator end effectors, OCSE modular subsystCTS. A general 
purpose storage panel, to be carried as part of an OCSE Item or permanently 
stationed at fixed sites, is required to allow easy access to necessary Items. 


APPLICATIONS TO SPS CONSTRUCTION: Applicable to all areas of SPS construction; 
probably requires several types of storage panels 


EXISTIIW/POTENTIAL CONCEPTS; 

(1) EVA tool carrier 

(2) Manipulator end-effector storage 

(3) Service cart equipment storage 


MAJOR INTERFACES : Size of items to be stored; attachment to OCSE or to existing 
structure 


SRT REQUIRED: 


SPS IMPACTS ; •Construction base/maintenance philosophy dictates applicability 
of permanently attached (to structure) vs carried- with -OCSE storage 


OCSE Title: 


STORAGE PANELS - FACILITY BIN 


Category d_ 


No. 9.2 



Data Source: 



Operational Description: 


Wherever there are multiple tasks to be 
done by one manipulator, there will prob- 
ably be a storage panel of end effectors. 
Shown here are manipulators (used in the 
Maintenance and Repair Module; see OCSE 
summary sheet 10.3), one with a multiple 
end effector and one with a grappling de- 
vice. Storage Panels are seen in back- 
ground, on both sides of control room 
windows , 


Mass Properties: 



Requirements : 

Functional - Secure/store end effectors for manipulators in MRM 
Crew - None 

Environment - Unpressurized 

Service - None •. 


Physical - wall-mounted units 


Comments: 










OCSE Title: storage panels - brush capture 








Data Source: 



Ooerational 


Tools and end effectors must be easily 
but firmly secured in the sterage panel 
and also easily accessible. Shown here 
is one method of securing tools which 
uses "scrub brushes" to'hold the tool. 


Mass Properties: 



Requirements : 

Functional - Secure/store tools or end effectors as required, method can be used 
in any storage rack 

Crew - N/A 
- Environment - N/A 
Service - N/A 


Physical - any size 













OCSE Title: 


STORAGE PANELS (CABLE HANDLING CAR) 


Category 


Data Source; 


New 



r 


Operational Description : 

Another place in which storage panels must 
be built is in multitask mobile manipulator 
vehicles (if used). Shown here is the 
cable handling car of the Core Module 
shown on OCSE summary sheet 10.1. For a 
more detailed description of this vehicle 
see that summary sheet. 


Mass Properties : 


Dimensions: 1 x 2 x A meters 


Requirements : 

Functional - storage panels 
Crew - None, remotely controlled 
Environment - Space 

Service - Resupply reels; unscheduled maintenance 
Physical ' small, launched as a unit 


Comments; 












OCSE Title: 


STORAGE PANELS - CYLINDRICAL BIN 


Category d No. 9.5 


Data Source: 



Operational Description: 


The <?torage Panel Is simply a tray which 
he. tools and end effectors*'until such 
time as they are needed by a manipulator 
which it serves. Shown here is one con- 
cept of a large capacitj^ storage panel 
with a "line-finder" type construction. 


Mass Properties ; 

Dimensions: Size is task dependent. 


Requirements: 


Functional - secure and protect tools and end effectors until needed. 
Crew - Unmanned, remote operation 
Environment - Space, or unpressurized module 
Service - initial unit storage; unscheduled maintenance - 


Physical - Launched as a unit 


IComnents: 





OCSE REQUIREMENTS DEFINITION SHEET 
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OCSE INVENTORY NO. 9.0 

OCSE CLASS ! OCSE Support Equipment 

OCSE SUBCLASS ; Modularized syatems 

TASK DESCRIPTION: Many of the individual pieeea of OCSE require the some type 

of subsystems support - conmunlcations, GNM, video capability, integral light- 
ing, etc. These subsystems should be modularized to the maximum extent possl* 
ble for interchangeability and ease of servicing. 


APPLICATIONS TO SPS CONSTRUCTION: General application to all OCSE (and possibly 

to CE) required during SPS construction 


! 

\ 

! 
i 

I 

I 

EXISTING/POTENTIAL CONCEPTS; 

Modularized systemst'A Similar to existing MMS, EOTS concepts 

- Tracking I 

- Cocsnunlcations ( f 

- GN&C f 

- Mounting plates I 

- Video 1 

■ Lighting , ^ 

MAJOR INTERFACES; OSCE must be designed to accept modular subsystems. 


SRT REQUIRED: 


SPS IMPACTS: • Definition of equipment complement required to determine feasi- 
bility/cost effectiveness of modularization. 
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OCSE Title: Maneuvering Svatem 



Data Source: 


Maneuvering Syatema Study ^ IR&D No. 
D-25S, Report No. S76-48825-003, 
August 1976 


Operational Description: 


This unit Is a small general purpose 
maneuvering system that can accept 
control Inputa communicated from the 
Orblter aft crew station In order to 
monitor or maneuver payloads in the 
region surrounding the Orblter. The 
unit Is unmanned and tailored after 
the design and hardware used on the 
Manned Maneuvering Unit. 


Mass Properties: 


Mass: 136 Kg (300 lbs) wet 


Dimensions: 97x107x102 cm (38x42x40 In.) 


^-*irqiients : 

Functional - , 

MS Tasks: Payload Inspection, cargo transfer, contingencies, photographic surveys 


Distance: Near vicinity of the Orblter, AV of 650 fps 

Performance: Translation velocity of 0.05 fps, limit cycle rates < 0.1* /sec 


Physical - 

Crew: Minimum of one, IVA at Orblter aft flight deck 

Service: Modular subsystems, propellant resupply, electrical recharge 

Interfaces: Orblter/FSS, stowage, service, docking 


Consents: 


The MS may be dealgnt'd and built by early 1980 for orbital support oparatlone 
in conjunction with Shuttle payloada. Could also be I'onaldcred a elmpU' deploy/ 
retrieve vehicle (DRV). 


J 
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OCSE REQUIREMENTS DEFINITION SHEET 

jCSE INVENTORY NO. 9.n 
OCSE CLASS : OCSE Support Equipment 

OCSE SUBCLASS 1 Subqrstem Insulator 

TASK DESCRIPTION ; Thermal control/protection of the SFS elements, construc- 
tion equipment and OCSE Is a significant design factor. The optimum Insulation 
technique or material must be developed for each of these systems. Several 
types will probably be developed and utilized as dictated by the particular 
I system requirements. 

i 

1 

j 

} 
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AgRUCATlONSTOSPSCQNSTRUCTlQN! 

General applicability to all OCSE, CE and to some SPS elements required 
during SPS construction. 


EXlSTIWG/POTEHmi. COHCEPTS: 

(1) Sheet Insulation 

(2) Foam Insulation 

(3) Paint- thermal coatings 


MAJOR INTERFACES: System requirements must be Identified In each case. 



SRT REQUIRED ; Definition of thermal control required; technique optimization 


I 

'•i 

V 



SPS IMPACTS ; • Study required to determine optimum thermal control method for 
entire SPS system; similar or analogous methods would be applied to OCSE, CE. 


OCSE REQUIREMENTS DEFINITION SHEET 
OCSE INVENTORY NO. 10.0 

OCSE CLASS ; Base Modules 
OCSE SUBCLASS ; CHAD Module 

TASK DESCRIPTION: The CHAD module is an Integral facility (maximum size - 

one HLLV launch - 20 meter diameter x 30 meters long) vhich accomplishes the 
initial construction steps, either for the construction base or for those 
portions of the actual SPS structure which are not constructed from a base 
facility (e.g. , MPTS), The CH/yD module contains all equipment (beam bullers, 
manipulators, etc.) necessary to build/assemble the first basic section of 
structure. 


APPLICATIONS TO SPS CONSTRUCTION; Used for beginning construction of the con< 
struction base for ai^ SP6; used for building MPTS. 


E XTSTINS/POTEHTIAL COWCEPTS ; 

(1) Cube builder 

(2) Wedge builder 

(3) MPTS assembler 


MAJOR INTERFACES! Space station modules; other HLLV modules. CHAD module may 
contain additional CE or OCSE. 


SRT REQUIRED ! Tradeoff of applicability to SPS construction bases, MPTS; design 
requirements must be defined. 


S PS IMPACTS! • Dealgn/applicabllity based on philosophy for initial construction. 
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OCSE TitlP* CHAD MODULE - SEQUENTIAL TRAVELING ASSEMBLER4:atec:-y D NO. 10. 1 
DEPLQYER-TSTABT- — : ' . 

D ata Sourc e: 

N«w 


Operational Descristion ; 

The STAD Is a general purpose CHAD module 
capable of constructing a number of SPS 
structural elements In sequence. The mod- 
ule contains beam fabricators, manipula- 
tors and cable reels, support arms which 
drive the module back along the completed 
beams and radial extension arms used to 
assist some construction steps. 


Mass Properties : 

Dimensions: 20 meter diameter x 30 meters 

long 


Requirements : 

Functional - 

Operation: Automatic, twice per SPS; assisted by other OCSE and CE 

Task (typical): Construct MPTS extension structure, support arms and first 

concentric ring radial members 
Crew: Unmanned; remote monitoring only 


Physical ■ Launched as a unit In one HLLV 
Environment : Space vacuum 

Service: Resupply beam material, cables, as required 

Interfaces: Docking port, attachment to structure (several orientations) 


Colwnents; 


A fully Independent, general purpose CHAD module may be very complex. The concept 
shown can accomplish some of the major MPTS construction tasks, but requires sup- 
port from other OCSE or construction equipment before, during and after Its normal 
operation. 
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OCSE Category: 



Cable Nandllng Car («/Mall ■antguUtora) 
(•trlnglng tnias aupporttni eablaa) I 








OCSE Category: 


No. 10.1 


SHect 3 of 3 


Temporary Cable-Holding 
Manipulator 


Cable-Working 
Manipulator 
Storage Panel 


Cabla-Worklng 
Manl^lator 
(Shovn with 
Cutting End 
Effector) 


■ain Manipulator 
Storage Panel 


Main Manipulator with 
End Effector for 
Stringing Cable 



Main Manipulator 


Main Manipulator with 
End Effector for In- 
stalling Cable Reele 


Guide Ralls for 
Cabla-hand ling 
Vehicle 


Cable-Hand lint Vehicle 






OCSE Title: chad module - linear assbibler/deploye r clad) Category p No. 


Data Source: 


New 


Operational Description : 

The LAD CHAD nodule Is a dedicated facil- 
ity which can fabricate and assemble an 
Initial section of structure (around or 
onto which additional structure Is attached 
by construction equipment or OCSE). The 
LAD contains beam fabricators, manipulators 
and cable reels configured to automatically 
fabricate, assemble and deploy a structure 
of specific geometry (e.g., cube or wedge 
shape) . The two halves of the LAD are 
identical, and construct the structure as 
they move apart from each other. Six 
beams are contlnuo'usly fabricated simul- 
taneously. Deployment of the structure 
Is accomplished by tensioning the appropri- 
ate cables. The completed section could 

Mass Properties : 

Dimensions: 20 meter diameter x 30 meters 

long (2 halves 15 meters long each) 


Requirements : 

Functional - 

Operation: Automatic, once per SPS 

Task: Construct Initial section of SPS structure, or construction base structure 

Crew: Unmanned, remote monitoring only 


Physical - Launched as a unit In one HLLV 
Environment : Space vacuum 

Service: Resupply beam material, cables. If required 

Interfaces: Docking port, attachment to other base facilities 


Comments : 

The LAD concept shown can be adapted to any specific structure geometry and size, 
but each module can do only one task. Its principal advantages are Its relative 
simplicity and the degree of automation possible during the major assembly phases. 












OCSE REQUIREMENTS DEFINITION SHEET 

OCSE INVENTORY NO. 10.0 

OCSE CLASS ? Base Modules 

OCSE SUBCLASS : Maintenance and Repair Module 

TASK DESCRIPTION : provide a centralized facility for the repair and mainte- 

nance of all OCSE. Operations performed with this facility would include in- 
spection battery recharging, subsystemis module replacement, component repair 
(on "time available" basis), scheduled/unscheduled servicing of vehicles. The 
facility would have an open hanger (unpressurized) section, docking ports, 
and a pressurized work (bench) area. Operations would be monltored/controlled 
from a pressurized control/display module within the facility. 


APPLICATIONS TO SPS CONSTRUCTION; Applicable as a general facility to all 
SPS construction; a space station/construction base logistics facility might 
include this type of module for maintenance/ repair of CE, 0CSE, orbit transfer 
vehicles, etc. 



EXISTING/POTENTIAL CONCEPTS: 

(1) Space station modules 

(2) Construction base facilities 

(3) Separate OCSE module 


MAJOR INTERFACES : Docking ports; other construction base facilities; handles 
surface transport vehicles, free flyers, ECWSs 


SRT/SPECIAL TRADEOFFS REQUIRED ; Refueling in space (high pressure gas, cryo- 
genics) ; tradeoff of separate OCSE module vs, incorporation into larger SPS 
facility. 


SPS IMPACTS : 'Probably is part of the larger space station/ construction base 
complex; could also be combined with the commodities storage module. 
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OCSE Title: MAINTENANCE AND REPAIR MODULE (MEM) 


Category D No. 



Requirements; 


Functional - 



Operational Description : (See also Sheet 2) 


The MBM is a single, centralized facility 
wherein all maintenance and repair of OCSE 
would be performed. It would service 
vehicles/equipment on a day-to-day basis, 
accomplish scheduled maintenance and re- 
place failed subsystems as required for 
repair. Operations would be completed 
automatically and remotely, with overall 
control maintained from a pressurized con- 
trol room configured for direct and in- 
direct monitoring. Work rooms would 
also be pressurized to allow shirt- 
sleeve operations. 


Mass Properties: 


Dimensions (typical): 250 meters x 100 

meters x 50 meters 


Operation: Assembled in orbit, operates during total construction phase. 

Task: Maintenance, repair, servicing of OCSE, some CE and OTVs. 

Cfcew! 2 to 10, all IVA (in control room) except for contingencies (EVA in bays), 


Physical - 

Environment: Vacuum, enclosed (but not sealed) work baysj control room pressurized. 

Service; Commodities resupply, power. 

Interfaces: Attached to structure, to other construction facilities; external 

docking for vehicle servicing, MRM resupply. 


Comments ; 

MRM could be -Incorporated (functionally or physically) into a larger facility 
for the entire SPS. Additional, separate servicing locations may be required as 
remote stations (of unique design). 





btc 
rot It 
V.MCUS 


fatraaca/tslt 
far Surfaea 
tranapartara 


fallad CoapMat.-t 
I larastaij pMuIai 
4 VoTkaboa 


Caaaadlttaa 
Steraia / 

Dallvaiy 
Hart i 


CaotTol 

lOflB 


Central 

Use* 


1 = 1-1 





Ceaaodltlaa 
■terae* 
IMula 
Dallraty 
' fart 


Maalpnlatexa 


Kalntananca l> 
Repair 


fanttlaa 4 
Aipparttat Hall 



CaMa Car Track! 


V 


^ i 


Docktag Porta 
far Snrfaca { 


Sarrielag 

*«T 


for Snrfaca > I 

'lT*^"ar. j 


latraaea 

far 

PP VAtelaa 


I Botraacfi/Ejiit 

For Surfae* 
Traogportoro 


(Cm W 


'vi 


ladlatloa Black <eaa ba clotad) 


Docktag part! far ev* Vahlclae 


ta 

Pactlitlaa 


X? 

Docking Porta far OTV'a 


To Pual 
Tanka 










OCSE Category: D No. 10.3 Sheet 





OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 10.0 
OCSE CLASS: Base Module 

QCSE SUBCLASS: Assembly Jigs 

TASK DFSCRIPTTON ! Provide a work base, structure or platform around or within 
which construction tasks are accomplisKed. Jig configuration is dependent upon 
the shape of structure to be built (i.e. , may be inherently task unique); linear 
dimensions can be up to several kilometers. Jig itself may require assembly on- 
orbit. 


APPLICATIONS TO SPS CONSTRUCTION ; 

Boeing Thermal (2. 1.1,1) - Cavity absorber shell jig - hexagon of 8 meter 
square beams x 125 meters long each 

MPTS (X.2.1.1, X.2,1.2) - extension structure jig - moving over length of 
extension structure, 750 to 1000 meters; cross section /^50m x 50m 

Truss type - (1.1) - Construction base facility - 5200m x 600m x 1300 meters 


1) Grumman OCDA work platform 

2) Truss type construction facility (Boeing) 


MAJOR INTERFACES; Material supply vehicles (free-f lying or surface attached); 
docking ports; manipulative systems (fixed base or mobile) 


?^RT REQUIRED! Applicability of jigs to SPS construction (below construction 
base level) needs to be demonstrated. 


SPS IMPACTS; Jigs may be efficient construction method even for relatively 
small structural elements, if the same jig can be utilized for construction of 
many SPSs. 
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OCSE REQUIREMENTS DEFINITION SHEET 

_OCSE INVENTORY NO. 10.0 
OCSE CLASS; Base Modules 
OCSE SL'oCLASS: EVA Module 

TASK DESCRIPTION; provide an enciosure/vehlcle which provides standby EVA 
crews a low pressure (^4.0 psia) oxygen environment within which they can 
prepare for EVA tasks. The module would house a crew of from 2 to 10 people 
for up to two vjeks, and therefore must contain personal hygiene facilities, 
sleeping quarters and eating provisions. 


APPLICATIONS TO SPS CONSTRUCTION ; Generally applicable to all SPS construction, 
although SVA crew sizes and work tour durations have not been defined. Some 
EVA tasks associated with construction have been identified; in addition, EVA 
maintenance and repair, and EVA rescue, are anticipated tasks during and after 
SPS construction. 


EXISTING/POTENTIAl CONCEPTS : 

1) Use Sl^lab MDA/AM configuration shell 


MAJOR INTERFACES : Base habitat facility; life support systems; EVA vehicles/ 

docking ports; airlocks 


S RT REQUIRED ; Shuttle**era suit technology and pre-breathing requirements will 
affect design of module. Optimum working pressure in facility must be defined 
(in relation to suit pressures and ease of facility design). 


S PS IMPACTS :- Anticipated EVA work schedules, crew site and activities defini- 
tion will determine remiiraments fur EVA module. 
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OCSE REQUIREMENTS DEFINITION SHEET 


OCSE INVENTORY NO. 10.0 
OCSE CLASS ; Base nodules 

OCSE SUBCLASS ; Commodities storage Module 

TASK DESCRIPTION ; provide a central^ed facility to house the components, 
supplies, and commodities required by OCSE. Materials contained within the 
module would Include fuel, fuel taiiks, batteries, spare parts, tool kits (for 
EVA use), replacement end effectors, subsystems (communications, GN&C, etc.) 
modules, etc. The facility would have an open hanger (unpressurized) section, 
docking ports and a small pressurized work area. This module could also serve 
as a storage area for Idle OCSE vehicles or equipment. 


APPLICATIONS TO SPS CONSTRUCTION: Applicable as a general facility to all 

SPS construction; a space statlon/constructlon base logistics facility might In- 
clude commodities storage for OCSE, CE, orbit transfer vehicles, etc.; l.e., 
base facilities should Include all commodities storage. 


EXISTING/POTENTIAL CONCEPTS: 

(1) Space station modules 

(2) Construction base facilities 

(3) Separate OCSE module 


MAJOR INTERFACES: OCSE vehlcles/conmodltles - logistics and supply control; 

other construction base facilities; docking ports 


SBT/SPECIAL TRADEOFFS REQUIRED ! Tradeoff of separate OCSE module vs incorpora- 
tion Into larger SPS facilities. 


SPS IMPACTS: • Probably Is part of the larger space station/construction base 
complex; could also be combined with the maintenance and repair module. 
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OCSE Title: commodities storage module (csm) 




Operational Descriotion: 


The CSM is a single* centralized facility 
which houses the supplies* commodities 
and replacement parts required by OCSE* 

Its primary functional Interfaces would 
be to accept supplies from delivery vehic- 
les and deliver those supplies as required 
to the MRM. Item retrieval from storage 
would be remotely controlled from a pres- 
surized work area. 


Mass Properties: 


Dimensions (typical): 200 meters x 100 
meters x 50 meters 


Requirements ; 

Functional - 

Operation*. Assembled In orbit; operates during total construction phase 
Task: Store supplies for all OCSE; retrieve Items as required and deliver to 

MRM; accept resupply at docking port 
Crew: 1 to 3 men* all IVA (in control room) 


Physical - 

Environment: Vacuum, enclosed (but not sealed) storage bays; control room pres- 

surized 

Service: Resupply as required; power 

Interfaces: Docking port for resupply vehicle; delivery ports to MRM 


Comments ; 

Could be part* of a larger facility for entire SPS; could also be attached to 
maintenance and repair module for better logistical control* 
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OCSE REQUIREMENTS DEFINITION SHEET 
QCSE IN^/ENTORY NO. II. Q 

OCSE CLASS: Integrated Systems, Special Class 

OCSE SUBCLASS: Manned Cherry Picker 

TASK DESCRIPTION: Provide a platform from which multiple tasks can be per- 

formed directly by an operator. The platform should be mobile (attached to 
boom, free flying, or manipulator attached) and can contain its own manipu- 
lators. Depending upon the particular task to be performed, the optimum 
pla jrm configuration could be a pressurized enclosure for shirtsleeve opera- 
tions, or an open bucket with a pressure-suited operator. In the most complex 
option, the cherry picker would be an Integrated system containing its own 
power, commtmlcations,, manipulators, monitoring and transport subsystems. 


APPLICATIONS TO SPS CONSTRUCTION: 

Thermal SPS (2.1.1. 3) - Install, checkout, repair turbogenerator sets. 
MPTS - (3. 2. 1.6) - Install switch gears 

General assistance during assembly and operational maintenance of SPS. 


EXISTING/POTENTIAL CONCEPTS: 

(1) Free flying, with manipulators 

(2) Attached to long boom, with manipulators 

(3) Structure attached 


MAJOR INTERFACES: Life support systems, transport Interface (boom, structure, 
or docking mechanism) . 


SRT REQUIRED: Radiation hazard in GEO; multiple manipulator control. 


SPS IMPACTS:- Effective utilization of capabilities of man requires optimum 
cherry picker design. 
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OCSE Title: manned cherry picker 


No. 11.1 


Data Source: 



Operational Description ; 

A manned cherry picker is a vehicle which, 
through the use of articulated booms 
attached to structure, positions its 
bucket (which carries the operator and 
his equipment) as directed by the opera- 
tor’s controls. It can be used as a 
platform for many tasks. 


Requirgnents : 

Functional 


IMass Properties: 


Crew; Minimum 1 Operational, 2 Rescue 
Environment ; Structure attached 

Service; Recharging of life support and power daily; scheduled servicing 
Launch Vehicle: Launched In small sections 


Physical - 


(comments: 


"Mamed Cl\erry Picker" rafore to a number of different possible configurations. 
I-ha platform can be open or closed, prassurlised or unpressurlzed . The platform 
can double as a free flyer. The booms can be attached to structure or to a 
vehicle. Many more possibilities exist. 
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